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Chapter 1: General Introduction 
The topography of a landscape has a direct impact on the biological, 
geomorphological, and hydrological processes (Moore et al., 1991). Knowledge of how the 
unique pattern of soil properties change across the landscape due to solar radiation, water 
flow, and material redistribution influence pedological processes is key to understanding the 
catena concept (Huggett, 1975; Milne, 1935; Park and Burt, 2002). Water and sediment 
redistribution processes are partially controlled by topography which largely impact 
pedogenesis (Wilson and Gallant, 2000). Soil water content impacts redox potential and 
chemical properties through leaching, weathering, and decomposition (Moore et al., 1993b). 
Eluviation and illuviation processes across the landscape are affected by slope curvature 
where slope angles change to increase or decrease flow speed. Reduced hydraulic 
conductivity occurs at increased depth which induces horizontal subsurface flow (Birkeland, 
1984). Drier areas have increased response of vegetation and soil change to topography 
(Dimbock et al., 2002). Pachepsky et al. (2001) proposed that topography has a significant 
role in soil water retention across the landscape even in gently sloping areas. Soil moisture 
distribution across the landscape is also dependent on topography (Wilson et al., 2005). 
Campling et al. (2002) suggested that topography affects soil drainage classes. 
Topographic attributes or terrain attributes can very often be used to indirectly 
quantify the spatial distribution of soil properties (McSweeney et al., 1994; Moore et al., 
1993a; Moore et al., 1993b). Quantifying these terrain attributes across the catena has 
become easier through the use of Digital Elevation Models (DEMs) and digital Geographic 
Information Systems (GIS) (McSweeney et al., 1994; Moore et al., 1993a; Moore et al., 
1993b). From a DEM, slope gradient, slope aspect, and curvature can be calculated (Frank, 
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1988). Using the soil catena concept of Milne (1935), Ruhe (1975) suggested that terrain 
attributes have the ability to quantify factors that affect soil development. These calculated 
attributes can be used in a process generally called "terrain analysis" to better characterize 
the landscape and processes that affect soil change (Moore et al., 1993b). Terrain analysis 
stands on the assumption that solar radiation and water movement are partially regulated by 
topography which affects soil change in the catena (Moore et al., 1993b). Some research has 
moved towards using terrain attributes, rather than landscape position in terrain analysis, 
which may allow processes to be described in simpler but stronger relationships than what is 
possible when using landscape position (Wilson and Gallant, 2000). Products of terrain 
analysis have the ability to reflect changes in processes, and soil properties across the 
landscape in a continuum rather than depicting changes with discrete boundaries. 
A problem with traditional soil maps is that map units have discrete boundaries that 
fail to show variability and continuous change across the landscape giving an impression of 
homogenous soil properties in the mapped area (Moore et al., 1993b; Wilson and Gallant, 
2000). The scale of most soil surveys also does not allow large soil property changes or non-
typical soil areas to be adequately shown and represented (Beckett and Webster, 1971). This 
problem has been avoided by tolerating large variability in the range of soil properties and 
emphasizing the qualitative nature of maps (Moore et al., 1993b). Most prediction models 
and maps derived from field surveys are from mental models of experts who have intimate 
knowledge of the catena. Unfortunately this may not fully show their knowledge by adapting 
it to a quantifiable model, or mapping individual properties (Hewitt, 1993; Hoosbeek and 
Bryant, 1992). When using soil maps, determining if something is from mappers' 
interpretation from their model or it is backed by laboratory data is sometimes not possible to 
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tell (Austin and McKenzie, 1988). Terrain analysis has the ability to assist in making maps 
which are backed by laboratory data rather than personal interpretation. These maps may be 
made for a wide range of properties which may include: drainage, pH, erosion, and organic 
carbon content. 
Site specific soil management has become more important because of the increased 
awareness of environmental quality and the rising cost of applying nutrients. This 
management system uses conventional soils maps which were never intended for site specific 
soil management (Moore et al., 1993b). Traditional soil survey is limited by the fact that 
soils are highly heterogeneous, and soil maps are based on morphological and qualitative, 
rather than quantitative measurements (McBratney et al., 2000). Soil maps developed using 
terrain analysis have the ability to quantitatively predict soil properties with a known error 
(Gessler et al., 1995). Terrain analysis can also be a valuable tool when designing strategies 
for mapping new areas (Moore et al., 1993b). The cost of producing maps required for this 
management approach is cost prohibitive when performed using conventional soil survey 
methods (McSweeney et al., 1994). On the other hand, terrain analysis has the ability to 
produce maps or models that can provide managers with realistic, useful, and quantitative 
information to help in making and executing land management decisions (McSweeney et al., 
1994). Site specific applications of results from terrain analysis would include: soil 
amendment application, irrigation, erosion hazard, crop suitability, and drainage (Gessler et 
al., 1995; Schmidt and Persson, 2003). Yield variability can be accounted for through the 
addition of classified management zones, and other data such as fertility, and soil water 
content (Frai s se et al., 2001). Terrain analysis will succeed if it can be used to build models 
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across landscapes which improve the quality of the spatial prediction of soil properties at a 
lower cost at larger scales (Heuvelink and Pebesma, 1999; McBratney et al., 2000). 
Products of terrain analysis have been extensively used in a wide variety of research. 
Litaor (2002) was able to model soil color along with snow accumulation in an alpine area 
using topoclimatic features. Gorsevski and Gessler (2003) were able to model landslide 
hazards into road and non-road related risks using terrain attributes and Bayesian modeling. 
Fraisse (2001) used an unsupervised classification system utilizing terrain attributes and 
electrical conductivity which was able to reduce variability in a field more often than a first 
order soil survey. Frank (1988) used terrain attributes and remotely sensed data to map 
vegetation communities in a mountainous area. Campling et al. (2002) and Chaplot and 
Walter (2003) used GIS to predict soil wetness classes and soil water content. Western 
(1999) modeled soil water using terrain attributes to depict hydrologie processes that are 
simple yet realistic. 
Vegetation and topographic indices may be an efficient form of predicting some soil 
properties, although Park and VIek (2002) proposed that in some landforms, properties of 
subsurface horizons have a dominant effect on pedogenesis. Terrain attributes reflect 
dominant soil forming processes differently in different landscapes (Gerrard, 1992). If 
terrain attributes can reflect important soil forming factors, then the soil properties influenced 
by these soil forming factors may be predicted with more confidence using terrain analysis 
(Park and Burt, 2002). 
Younger landforms tend to have increased correlation of soil properties and 
pedogenesis that can be described using terrain attributes (McKenzie and Austin, 1993). 
This may be that older landforms tend to have more relict features which cannot be explained 
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by current processes (Park et al. 2001). The ability of terrain attributes to model catena 
processes is scale-dependent, and if the scale does not adequately allow those processes to be 
characterized, prediction results are unreliable at best (Moore et al., 1991). Pedological 
processes change in scale over different catenas, so a scale that best represents a soil property 
in one catena may not work at all in another (Moore et al., 1993a). 
Digital Elevation Models have commonly been used as a basis for terrain analysis for 
the last 20 years (Frank, 1988). Acquiring a high quality DEM and finding the best 
resolution are important steps when making spatial predictions of soil properties (Moore et 
al., 1993b; Park and Burt, 2002). In the United States, the most commonly available and 
used grid size is 30m although its effectiveness and efficiency across different landscapes 
have not been thoroughly tested (Holmes et al., 2000; Moore et al., 1993a). High DEM error 
is associated with rough terrain (Holmes et al., 2000; Kyriakidis et al., 1999). Small DEM 
errors can have a large effect on calculated terrain attributes such as compound topographic 
index (CTI) and slope aspect index (SAI) in models developed using terrain analysis 
(Holmes et al., 2000). Many studies have shown that with decreasing resolution, slope 
gradients also decrease, most notably in steeper areas (Quinn et al., 1991; Wolock and Price, 
1994; Zhang and Montgomery, 1994). McKenzie and Austin (1993) indicated that in low 
relief landscapes there was a need for data with high vertical accuracy. Though Gyasi-Agyei 
et al. (1995) noted at their high relief study site that changes in vertical resolution had small 
effects on calculated terrain attributes. Studies by Gyasi-Agyei et al. (1995) and McKenzie 
and Austin (1993) indicate that different elevation data are needed in different landscapes, 
though not many researchers have identified the need for horizontal data in different 
landscapes. Thompson (2001) suggested that with increases in horizontal resolution, vertical 
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resolution needs to be greater than the average elevation difference between grid cells. 
Schmidt and Persson (2003) suggested that in low relief landscapes, topography has a 
reduced impact on water movement which may decrease the ability to use terrain analysis for 
prediction of soil properties. 
There are still many challenges to consider when using terrain analysis for the 
prediction of soil properties. Terrain analysis must use terrain attributes which model 
dominant soil forming factors in a catena at the appropriate scale in order to achieve optimal 
results (McKenzie and Ryan, 1999). As prediction models for local catenas become more 
efficient, prediction quality at the regional scale is expected to be reduced due to over fitting 
(Gessler et al., 1996). Steady state conditions of soil properties should be considered when 
attempting to predict these properties (Gerrard, 1992). Although surface soil properties are 
affected by land use changes, they reach equilibrium faster than those deeper in the profile, 
increasing the level of randomness which makes it more difficult to account for variability in 
the subsurface when using spatial prediction (Park et al., 1996). In areas that have strongly 
expressed subsurface horizons such as the presence of dense glacial till, subsurface horizons 
may be more important than surface topography for spatial prediction of soil properties 
(Chaplot and Walter, 2003). 
Thesis Organization 
This thesis consists of one paper prepared in the standard format for articles to be 
published in scientific journals. The general introduction discusses rationale and specific 
research questions. The paper consists of an abstract, introduction, materials and methods, 
results and discussion, conclusion, references, tables and figures. The general conclusion 
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discusses the research that has been conducted. Additional data are presented in the 
appendices, and references are at the end of each respective section. 
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Chapter 2: The effect of grid resolution on prediction of soil properties 
using terrain analysis in a low relief landscape 
Abstract 
Terrain analysis is a powerful tool which is useful to build prediction models in the 
Northwest Iowa Plains. To effectively explain variability of soil properties across the 
landscape using terrain analysis, models used for prediction of the former must adequately 
reflect the processes at relevant scales. Topographic roughness may be used as a tool to 
guide appropriate resolutions for selected landscapes. Although topography is one of many 
factors of soil formation, it can be a major factor in some landscapes to explain spatial 
variation in soil properties. This study was conducted to determine optimal grid resolution 
for predicting multiple soil properties in a low relief landscape. Multiple primary and 
secondary terrain attributes were created from a high accuracy Digital Elevation Model 
(DEM). Regression was then used to determine the relationships between soil properties and 
terrain attributes at resolutions of 2m to 40m. The variation of soil properties explained by 
the models ranged from 27% to 70% by changing the grid resolution alone. Spatial 
prediction models were able to account for 70% of the variability in the depth to till contact. 
Spatial prediction models were only able to account for 27% of the variability in the 
prediction of surface sand content. Half of the soil properties had prediction models 
performed best at resolutions coarser than 25m. Prediction of some properties was not 
affected by grid resolution. The statistical significance of terrain attributes varied by grid 
resolution. Relief is an important contributor to processes that modify the landscape and 
13 
must be considered when attempting to model those changes. This study suggests that soil 
properties can be effectively predicted using low resolution DEMs in low relief landscapes. 
Introduction 
The topography of a landscape has a direct impact on the biological, 
geomorphological, and hydrological processes (Moore et al., 1991). Knowledge of how the 
unique patterns of soil properties changes across the landscape due to solar radiation, water 
flow, and material redistribution influence pedological processes is key to understanding the 
catena concept (Huggett, 1975; Milne, 1935; Park and Burt, 2002). Water and sediment 
redistribution processes are partially controlled by topography which largely impact 
pedogenesis (Wilson and Gallant, 2000). Soil water content impacts redox potential and 
chemical properties through leaching, weathering, and decomposition (Moore et al., 1993b). 
Eluviation and illuviation processes across the landscape are affected by slope curvature 
where slope angles change to increase or decrease flow speed. Pachepsky et al. (2001) and 
Wilson et al. (2005) proposed that topography has a significant role in soil water retention 
and distribution across the landscape even in gently sloping areas. Campling et al. (2002) 
suggested that topography affects soil drainage classes. 
Topographic attributes or terrain attributes can very often be used to indirectly 
quantify the spatial distribution of soil properties (McSweeney et al., 1994; Moore et al., 
1993a; Moore et al., 1993b). Quantifying these terrain attributes across the catena has 
become easier through the use of Digital Elevation Models (DEMs) and digital Geographic 
Information Systems (GIS) (McSweeney et al., 1994; Moore et al., 1993a; Moore et al., 
1993b). From a DEM, slope gradient, slope aspect, and curvature can be calculated (Frank, 
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1988). These calculated attributes can be used in a process generally called "terrain analysis" 
to better characterize the landscape and processes that affect soil change (Moore et al., 
1993b). Terrain analysis stands on the assumption that solar radiation and water movement 
are partially regulated by topography which affects soil change in the catena (Moore et al., 
1993b). 
A problem with traditional soil maps is that map units have discrete boundaries that 
fail to show variability and continuous change across the landscape giving an impression of 
homogenous soil properties in the mapped area (Moore et al., 1993b; Wilson and Gallant, 
2000). This problem has been avoided by tolerating large variability in the range of soil 
properties and emphasizing the qualitative nature of maps (Moore et al., 1993b). Most 
prediction models and maps derived from field surveys are from mental models of experts 
who have intimate knowledge of the catena. Unfortunately this may not fully show their 
knowledge by adapting it to a quantifiable model, or mapping individual properties (Hewitt, 
1993; Hoosbeek and Bryant, 1992). 
Site specific soil management has become more important because of the increased 
awareness of environmental quality and the rising cost of applying nutrients. This 
management system uses conventional soils maps which were never intended for site specific 
soil management (Moore et al., 1993b). Traditional soil survey is limited by the fact that 
soils are highly heterogeneous, and soil maps are based on morphological and qualitative, 
rather than quantitative measurements (McBratney et al., 2000). Soil maps developed using 
terrain analysis have the ability to quantitatively predict soil properties with a known error 
(Gessler et al., 1995). Terrain analysis can also be a valuable tool when designing strategies 
for mapping new areas (Moore et al., 1993b). Terrain analysis has the ability to produce 
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maps or models that can provide managers with realistic, useful, and quantitative information 
to help in making and executing land management decisions (McSweeney et al., 1994). Site 
specific applications of results from terrain analysis would include: soil amendment 
application, irrigation, erosion hazard, crop suitability, drainage, and fertilizer application 
(Gessler et al., 1995; Schmidt and Persson, 2003). Terrain analysis will succeed if it can be 
used to build models across landscapes which improves the quality of the spatial prediction 
of soil properties at a lower cost at larger scales (Heuvelink and Pebesma, 1999; McBratney 
et al., 2000). 
Products of terrain analysis have been extensively used in a wide variety of research. 
Litaor (2002) was able to model soil color along with snow accumulation in an alpine area 
using topoclimatic features. Gorsevski and Gessler (2003) were able to model landslide 
hazards into road and non-road related risks using terrain attributes and Bayesian modeling. 
Fraisse (2001) used an unsupervised classification system utilizing terrain attributes and 
electrical conductivity which was able to reduce variability in a field more often than a first 
order soil survey. Frank (1988) used terrain attributes and remotely sensed data to map 
vegetation communities in a mountainous area. Campling et al. (2002) and Chaplot and 
Walter (2003) used GIS to predict soil wetness classes and soil water content. Western 
(1999) modeled soil water using terrain attributes to depict hydrologie processes that are 
simple yet realistic. 
Younger landforms tend to have increased correlation of soil properties and 
pedogenesis that can be described using terrain attributes (McKenzie and Austin, 1993). The 
ability of terrain attributes to model catena processes is scale dependent and if the scale does 
not adequately allow those processes to be expressed, prediction results are unreliable at best 
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(Moore et al., 1991). Pedological processes change in scale over different catenas, so a scale 
that best represents a soil property in one catena may not work at all in another (Moore et al., 
1993a). 
Digital Elevation Models have commonly been used as a basis for terrain analysis for 
the last 20 years (Frank, 1988). Acquiring a high quality DEM and finding the best 
resolution are important steps when making spatial predictions of soil properties (Moore et 
al., 1993b; Park and Burt, 2002). In the United States, the most commonly available and 
used grid size is 30m although its effectiveness and efficiency across different landscapes 
have not been thoroughly tested (Holmes et al., 2000; Moore et al., 1993a). High DEM error 
is associated with Rough terrain (Holmes et al., 2000; Kyriakidis et al., 1999). Small DEM 
errors can have a large effect on calculated terrain attributes such as CTI and S AI in models 
developed using terrain analysis (Holmes et al., 2000). Many studies have shown that with 
decreasing resolution, the estimation of slope gradients decreases most notably in steeper 
areas (Quinn et al., 1991; Wolock and Price, 1994; Zhang and Montgomery, 1994). 
McKenzie and Austin (1993) indicated that in low relief landscapes there was a need for data 
with high vertical accuracy. Though Gyasi-Agyei et al. (1995) noted at their high relief 
study site that changes in vertical resolution had small effects on calculated terrain attributes. 
Thompson (2001) suggested that with increases in horizontal resolution, vertical resolution 
needs to be greater than the average elevation difference between grid cells. Schmidt and 
Persson (2003) suggested that in low relief landscapes, topography has a reduced impact on 
water movement which may decrease the ability to use terrain analysis for prediction of soil 
properties. 
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There are still many challenges to consider when using terrain analysis for the 
prediction of soil properties. Terrain analysis must use terrain attributes which model 
dominant soil forming factors in a catena at the appropriate scale in order to achieve optimal 
results (McKenzie and Ryan, 1999). As prediction models for a local catena become more 
efficient prediction quality at the regional scale is expected to be reduced due to over fitting 
(Gessler et al., 1996). Steady state conditions of soil properties should be considered when 
attempting to predict these properties (Gerrard, 1992). Surface soil properties reach 
equilibrium faster than those deeper in the profile, increasing the level of randomness which 
makes it more difficult to account for variability in the subsurface when using spatial 
prediction (Park et al., 1996). In areas that have strongly expressed subsurface horizons such 
as the presence dense glacial till, subsurface topography, subsurface horizons may be more 
important than surface topography for spatial prediction of soil properties (Chaplot and 
Walter, 2003). 
There has been no clearly defined DEM resolution for which to use for the spatial 
prediction of soil properties especially in low relief areas. The objectives of this research 
were to: (1) Determine the optimum DEM resolution at which terrain attributes can be used 
to predict soil properties. (2) Use this knowledge to develop spatial models which can 
explain changes in soil properties across the landscape. 
Materials and Methods 
Study site 
A study site of 15.6 ha was selected at the Northwest Research Farm near Sutherland, 
Iowa (Figure 1). The area is characteristic of the Northwest Iowa Plains region with low 
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relief where slopes ranged from 0-5%, and there are well established drainage networks. The 
parent material for the site is Wisconsinan age loess about 1.5m thick, over the Sheldon 
Creek Formation which is a Wisconsinan aged glacial till. The well established drainage 
networks are present because the surface of the glacial till was an erosional surface prior to 
loess deposition. At the surface of the till, an accumulation of stones indicates prior 
instability before the deposition of loess. The soils were developed under tall grass native 
prairie and have been under cultivation for the past 150 years (Prior, 1991). The field is 
currently in a two year rotation of Corn (Zea mays) and Soybeans {Glycine max). Initial 
examination of the site revealed the dominant soils in the area to be Galva (fine-silty, mixed, 
superactive, me sic Typic Hapludoll), Primghar (Fine-silty, mixed superactive, mesic Aquic 
Hapludoll), and Sac (Fine-silty, mixed, superactive, mesic Oxyaquic Hapludoll). Galva soils 
are found on ridges and side slopes, and are well drained. They formed in loess deeper than 
102 cm overlying glacial till. Primghar soils occur on slopes adjacent to drainageways, and 
are somewhat poorly drained. They formed in loess overlaying glacial till. Sac soils are 
located on ridges and side slopes, and are well drained. They formed in loess that is thinner 
than 102 cm overlaying glacial till. These are the dominant soils in the soil association and 
are mapped in over 54% of O'Brien county (SCS, 1981). 
DEM acquisition 
An all-terrain vehicle (ATV) mounted real time kinematic GPS (RTK-GPS) was used 
to collect 6173 points with a collection interval of 2m. The GPS system used was a model 
Z33 survey grade system built by Corvallis Microtechnology, Inc. with an advertised 
horizontal accuracy of 2cm + lppm, and a vertical accuracy of 5cm + lppm as the distance 
from the base station increases (Corvallis Microtechnology, 1999). The DEM was created 
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from the elevation data using ordinary kriging within ArcGIS (Environmental Systems 
Research Institute, 2001). The DEMs were created at the following resolutions: 2m, 5m, 8m, 
10m, 12m, 15m, 20m, 25m, 30m, and 40m (Figure 2). 
Generation of primary and secondary terrain attributes 
Terrain attributes were calculated from the DEMs using the hydrology and surface 
functions within the ArcToolbox module of ArcGIS (Environmental Systems Research 
Institute, 2001). These included upstream area (m2), aspect (degrees, clockwise from north), 
tangential curvature (degrees per m), plan curvature (degrees per m), profile curvature 
(degrees per m), and slope gradient (degrees). These primary attributes were used to 
calculate secondary, or compound terrain attributes that explain geomorphological processes 
on the landscape (Moore et al., 1991; Moore et al., 1993b). 
Four secondary terrain attributes were calculated using raster calculator within 
ArcGIS (Environmental Systems Research Institute, 2001). The compound topographic 
index (CTI) of Kirkby (1975) and O'Loughlin (1981) is given as CTI = In (As /tan b), where 
As is the specific catchment area, and b is the slope angle expressed in radians. The CTI, a 
type of steady-state wetness index and also known as Topographic Wetness Index, can be 
used to quantify the spatial distribution of soil moisture throughout the catena. Lower values 
are characteristic of drier positions while higher values depict wetter positions (Gessler et al., 
2000). 
The sediment transport index (STI) as derived by Renard et al. (1991) is given as STI 
= (A/22.13)™ * (sin b /0.0896)", where As is the specific catchment area, m = 0.6, and n = 
1.3 (Moore et al., 1993b). The STI is analogous to the length-slope factor used in the 
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Universal Soil Loss Equation (USLE), but it is applicable to three-dimensional landscapes 
(Moore et al., 1993b). Higher values represent net depositional areas while lower values tend 
to depict net erosional areas (Renard et al., 1991). 
The slope aspect index (SAI) of Campling et al. (2002); Moore et al.(1988); and 
Frank (1988) is derived as: SAI = tan b * aspect, where b is the slope angle expressed in 
radians. The index used in this study is a slight modification described by Campling et al. 
(2002). The SAI is an index that shows relationships that aspect and slope have on soil 
moisture from the distribution of solar radiation and wind across the soil catena (Frank, 1988; 
Moore et al., 1988). High changes in SAI occur near where values change from 360° and 0°. 
The stream power index (SPI), as described by Moore et al. (1991), is SPI = As * tan 
b where As is the specific catchment area, and b is the slope angle expressed in radians. The 
SPI is an index that is directly proportional to stream power, and is a measure of erosional 
potential of overland flow. Higher values indicate areas that are more erosional, while lower 
values indicate areas that are less erosional (Moore et al., 1993b). 
Soil sampling and laboratory analysis 
A grid spacing of 30 by 40 meters was used to collect 49 cores with a diameter of 6.4 
cm (figure 3). Soil cores were taken using a truck mounted Giddings Hydraulic Soil Probe to 
at least a depth of 10cm past the till interface. Description and classification of the cores 
were carried out using standard Soil Survey methods (Schoeneberger et al., 2002). 
A total of 393 soil samples were obtained and they were dried and ground to pass 
through a 2mm sieve. Depth to carbonates was measured by using 1M HC1. Soil color was 
determined using Munsell color charts (Munsell Color, 2000). Soil pH was measured in a 
1:1 soil water solution (Soil Survey Staff, 1996). Soil texture was determined using the 
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pipette method (Walter, et al., 1978). Total carbon was analyzed through dry combustion 
using a LECO Truspec (LECO Corp., 2005). Inorganic carbon was measured through a 
modified pressure calcimeter (Sherrod et al. 2002). Organic carbon content was calculated 
by subtracting the amount of inorganic carbon from the total carbon content. 
Statistical Analysis 
Park and VIek (2002) used multiple linear regression (MLR), artificial neural 
networks (ANN), and regression trees (RT) as tools for the prediction of soil attributes at a 
site in Somerset, UK. In general, all three techniques performed similarly well, although 
ANN and TR had a more complicated model structure and required extensive preanalysis of 
data. However model performance was also higher when they used MLR (Park and VIek, 
2002). This statistical tool was eventually selected for this study. Scatterplot matrices and 
Pearsons correlation coefficients were first used to establish the type of relationships between 
terrain attributes and soil properties. Every soil property was tested against each terrain 
attribute at the 2m, 20m, and 40m DEM resolutions. After preliminary examination, 
stepwise multiple linear regression was selected as the appropriate analytical tool because; 
(1) the relationships between soil properties and terrain attributes were largely linear and; (2) 
this will reduce the complexity of the model. A good rule of thumb is to have five or six 
response variables for every predictor variable when using MLR (Dixon, 2006). Criteria for 
model selection was set at a probability of F to enter as <0.05, and probability to leave >0.10. 
Statistical analysis was performed using IMP software (SAS Institute Inc., 1989). 
Models to be shown and discussed were chosen based on the R2 values. General 
trends were analyzed, and the best performing models were chosen for surface prediction of 
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soil properties. Raster calculator within Arc GIS (Environmental Systems Research Institute, 
2001) was used for surface prediction of the selected soil properties. 
Results and Discussion 
Soil Classification and Processes 
Aquic Hapludolls, Cumulic Endoaquolls, Cumulic Hapludolls, Oxyaquic Hapludolls, 
Typic Endoaquolls, and Typic Hapludolls were identified at the study site (Figure 3). 
Cumulic Endoaquolls and Typic Endoaquolls occurred at the footslope and toeslope 
positions. Cumulic Hapludolls, Aquic Hapludolls, and Oxyaquic Hapludolls were classified 
at backslope positions. Aquic Hapludolls, Oxyaquic Hapludolls, and Typic Hapludolls were 
found at shoulder and summit positions. Thicker epipedons and loess-derived sediments 
were found in lower catenary positions. Further upslope, epipedons and loess cover was 
thinner which is consistent with Ruhe's (1975) finding that there are systematic changes of 
sediment across the hillslope where sediment accretes on footslope and toeslope positions 
which produce cumulic soils. Generally Cumulic Endoaquolls, and Cumulic Hapludolls 
were found at the in the footslope and toeslope positions. The epipedons of this group of 
soils ranged from 62 to 87 cm deep which were the deepest of the all taxonomic groups. 
Typic Endoaquolls with epipedons which ranged from 50 to 59 cm were found at lower 
toeslope positions than the cumulic soils. These Typic Endoaquolls thinner epipedons than 
the cumulic soils which are found above them. This indicates energy of the overland flow is 
too low to transport the sediment very far. These soils in the low areas in the field are also 
the deepest to till with ranges of 158 to 204cm for the cumulic soils and 149 to 236 cm for 
the Endoaquolls. The depth to redoximorphic features for the cumulic soils ranged from 53 
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to 95 cm, while the Endoaquolls ranged from 39 to 59 cm. The differences in the depth to 
redoximorphic features are mainly due to the differences in epipedon thickness. The dark 
color of organic matter in the epipedons of the cumulic soils made it difficult for the 
redoximorphic features to be observed higher in the profile as the Endoaquolls. 
The surface pH of the soils in this study area were very low with ranges of 4.3-6.5 
and an average of 4.8. It is hypothesized that this plot had a history of ammonium fertilizer 
application with no addition of lime to increase the pH. The official descriptions of the soils 
in this area indicate that the surface pH of these soils are near 6.0. The average pH of the 
Endoaquolls is 5.6 which are higher than that of all other soils. The pH of the other soil 
subgroups were, lower ranging from 4.3 to 5.7 with an average of 4.7. This may be because 
when the soil becomes saturated, pH increases and the soil becomes neutral (Kimura 2000). 
Terrain Attribute and Resolution Relationships 
Summary statistics were calculated from the raster datasets at the 2m, 20m, and 40m 
resolutions (table 2). Generally, the summary statistics of terrain attributes at the 20m and 
40m resolutions were similar but they were different from those obtained at the 2m 
resolution. 
Calculated upstream area at the 20 and 40 meter resolutions had similar maximum, 
minimum, and mean values (table 2). The maximum value of upstream area at the 2m 
resolution was about half of the other resolutions. This may be that upstream area was more 
fragmented at the 2m resolution which would exclude some of the stream networks. 
Maximum, Minimum, and mean values of aspect were similar across all resolutions. 
This was expected because at this low relief landscape there were no abrupt changes in 
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aspect. There were no differences in S AI at the different resolutions. This reflects the low 
range in values of aspect and slope, which are used in the derivation of SAI. 
Maximum, minimum, and mean values of CTI were similar at the 20 and 40m 
resolutions but the 2m resolution had lower values than those of the coarser resolutions (table 
2). This may be because upstream area is used to derive CTI as explained above, the former 
does not vary much at this study site. The SPI and STI also have similar relationships 
because of their dependence on upstream area. 
Changes in tangential, plan, and profile curvature vary with resolution. Higher 
resolutions had greater ranges of values and lower ranges were obtained at coarser 
resolutions. This is consistent with Quinn et al. (1991), Wolock and Price (1994), Zhang and 
Montgomery (1994), and Thompson et al. (2001) who observed that at coarser resolutions, 
there is a smoothing effect on topography. In effect the coarser resolutions remove the short, 
steep areas of the landscape which produces narrower ranges of curvature values. 
Soil Property and DEM Resolution Relationships 
Summary statistics of soil properties obtained at the study site are presented in Table 
1. Results of the prediction models for soil properties at different resolutions are presented in 
tables 3-11. Prediction maps derived from table 11 are shown in figure 4. Generally the best 
prediction models of soil properties were obtained at coarse resolutions compared to finer 
resolutions. Thirty nine to 70% of the variability of the soil properties explained by the 
models were accounted for in models at resolutions coarser than 20m, while resolutions finer 
than 20m were only able to account for 34% of variability. This study showed that in this 
low relief landscape models developed at coarser resolutions have a higher efficiency to 
predict soil properties than models developed at finer resolutions. In a high relief landscape 
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models developed by Schmid et al. (2005), prediction models were better able to predict soil 
properties at finer resolutions than those at coarse resolutions. More detailed explanations of 
terrain attributes with individual soil properties are discussed below. 
Epipedon Thickness 
In general, the ability to predict epipedon thickness increased as horizontal resolution 
decreased (Figure 5, Table 3). A statistically significant prediction model was obtained at 
5m resolution although it was only able to account for 9% of the variability in the epipedon 
thickness (Table 3). Prediction efficiency increased slightly up to the 15m resolution at 
which 21% of the variability was explained by the model. At these higher resolutions, CTI 
was the most significant term. Three of the models with CTI had p values of <0.01. Models 
suggest that the lower and wetter areas have greater epipedon thickness. High CTI values 
indicate areas that are wetter and generally lower on the landscape (Chaplot and Walter, 
2003) which are also expected to have deposition of material from upslope areas. Given the 
mobility of water across this gentle landscape, this resolution may represent water and 
sediment movement due to localized slope gradient and shape. 
The prediction ability of subsequent models improved linearly from the 20m to the 
coarsest resolution of 40m (Table 3). The final model was able to account for nearly half of 
the variability in the prediction of epipedon depth. At coarser resolutions, curvature became 
the most significant predictor of epipedon depth with p values of <0.01. The model suggests 
that at coarser resolutions, the epipedon depth decreases on convex surfaces. 
Depth to Carbonates 
With the exception of the 30m resolution, models predicted depth to carbonates with 
equally low efficiencies (Figure 6, Table 4). At the 30m resolution, the model explained 
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nearly 40% of the variation of the depth to carbonates, with plan curvature and upstream area 
being the significant prediction variables. Prediction models at all other resolutions were 
only able to explain 8-23% of the variability in the depth to carbonates (Table 4). 
In order for water and sediment movement to be modeled at the landscape level, the 
resolution needs to adequately show change which affects the water and sediment movement 
across the landscape. Depth to carbonates is a function of leaching, accumulation of 
secondary carbonates, and deposition of sediments. Water movement through flow 
dispersion/accumulation that is described by plan curvature at the 30m resolution seems to be 
more important for water/sediment movement and subsurface flow that soil moisture 
movement across the landscape. The model suggests that as plan curvature values decrease 
carbonates occur deeper in the profile. Areas of flow accumulation on the landscape have an 
increased amount of water and sediment accumulation which would increase the depth at 
which carbonates are found. Also increased water increases carbonate leaching so they will 
be present further down the profile. Upstream area is significant in the model and suggests 
that lower areas on the landscape will have carbonates present higher in the profile. This 
could serve as a moderating effect in the model to reduce over or under estimation of depth 
to carbonates then when plan curvature is used alone. 
Depth to Redoximorphic Features 
One of the greatest constraints to obtaining better characterization and quantification 
of depth to redoximorphic features may be that organic matter conceals the gleyed colors 
associated with reduced horizons. Many of the cores in the lower catenary positions had 
reduced horizons directly beneath the epipedon. Eight models were developed at ten 
different resolutions. Variations in depth to redoximorphic features explained by the models 
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ranged from 11 to 31% (Figure 7, Table 5). The prediction model at the 12m resolution 
which had the highest R2 had two significant variables; CTI and plan curvature. These 
variables explained 32% of the variability in the depth to redoximorphic features. 
Higher CTI values indicate wet areas which are on lower catenary positions. 
Although not shown in the prediction map, the model suggests that the depth to 
redoximorphic features is deeper in wetter areas. This could be due to the masking of the 
redoximorphic features by the thick epipedon. These lower landscape positions have 
increased organic matter production and reducing conditions (Ruhe, 1975). Similar 
relationships were observed with plan curvature where redoximorphic features were found 
deeper in the profile in areas of dispersion. 
Depth to Till 
Models at resolutions coarser than 10m were the most efficient in predicting the depth 
to till (Figure 8, Table 6). In 6 of the 10 models, the significant primary and secondary 
terrain attributes accounted for half of the variation in the depth to till (Table 6). At the 30m 
resolution, 70% of the total variation of depth to till was accounted for in the model (Table 
6). The CTI occurred in many of the prediction models. The CTI, curvature, S AI, and STI 
were the significant variables in the 30m resolution model. 
High CTI values indicate lower catenary positions where sediments can accumulate. 
The model indicates the following: (1) concave areas have deposits which have 
colluvium/alluvium derived from loess, and (2) depth to till increases in lower catenary 
positions. All the indices included in the model quantify landscape change, and are able to 
characterize landscape position, movement of water, and sediments from upslope to 
downslope positions. It can, however be said from these models that the effect of these 
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processes are expressed on larger landscape areas. While it does not seem to represent reality 
on the landscape, the model suggests that: (1) increased values of STI (net depositional areas) 
reduce the depth to till, and (2) increased values of S AI increase depth to till. 
Surface Clay Content 
Prediction models finer than 20m resolution appeared to have equal predictive 
efficiency for surface clay content (Figure 9, Table 7). Prediction models were able to 
explain an average of 37% of the variation of surface clay content at resolutions finer than 
25m while the models at resolutions coarser than 20m were able to explain 44 to 57% (Table 
7). 
Profile curvature, S AI, and aspect were the most significant variables in the 
prediction model at the 30m resolution. The model suggests that surface clay content 
increases in concave positions of the landscape. Profile curvature characterizes slope 
gradient changes across the hillslope. Convex areas are expected to preferentially lose small 
and light sediments like clay and organic matter due to erosion. Concave and flat portions of 
the landscape tend to be more depositional where the content of fine materials increases. 
According to this model steeper slopes have less surface clay content. 
This model indicates that even in low relief landscapes aspect is able to modify soil 
properties. This is contrary to expectation because in this low relief landscape, one would 
expect landscape and S AI to have only minimal impact on surface clay content. Aspect is 
important in more rugged landscapes where it is able to modify micro-climate through the 
input of solar radiation. 
Surface Sand Content 
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Surface sand content is one of the few soil properties whose prediction efficiency 
increased with increasing resolution at this site (Figure 10, Table 8). The best model was 
only able to explain 27% of the variance at the 8m resolution and this was used for spatial 
prediction (figure 4) while the other models were only able to explain less than 10% of 
variance. The significant terms in the model used for prediction were CTI and SPI. 
The range in sand content at the site is vary small (table 2) which is mainly due to the 
loess derived parent material. 
Surface Organic Carbon Content 
Spatial prediction models of surface organic carbon content had equal efficiency at 
resolutions above the 2m (Figure 11, Table 9). Prediction models at resolutions between 5 
and 40m were able to account for 25-34% of variation of surface organic carbon content 
(Table 9). 
The most efficient prediction model was obtained at the 12m resolution in which 
upstream area and profile curvature were the most statistically significant variables. It can be 
deduced from the model that as upstream area increases, the amount of surface organic 
carbon also increases. Upstream area is the area available as a source for water and eroded 
sediments and these sediments tend to be higher in organic matter. High values of upstream 
area signify lower catenary positions where the water content tends to be high. Higher soil 
water contents increase organic carbon production and also slow down the rate of organic 
matter decomposition. While it does not seem to represent reality on the landscape, the 
model suggests that convex areas of the landscape have high organic carbon. The model 
indicates that profile curvature is significant where convex portions of the landscape have 
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increased organic carbon. It may be included in the model to reduce overestimation of 
organic carbon in lower catenary positions which have very high upstream areas. 
Surface pH 
At resolutions of 12m to 25m, models were able to account for over half of the 
variation in the prediction of surface pH (Figure 12, Table 10). Prediction efficiency at these 
resolutions was not as sensitive as it was with other soil properties. 
The CTI and plan curvature were the statistically significant variables at the 20m 
resolution. This model was used for spatial prediction because of its high R2 value. Surface 
pH at the site ranged from 4.3 to 6.5. Kimura (2000) noted that pH generally approaches 
neutrality as soil becomes saturated. The CTI may be important in the prediction of pH so it 
can reflect the effect of steady state wetness. The area that is affected by the soil saturation 
may be predicted most efficiently at resolutions of 12 to 25m. In divergent areas of the 
landscape the model shows an increase in pH. Plan curvature may reflect the effect of 
erosion on surface pH. Dispersional portions of the landscape such as those on shoulders near 
the summit may be eroding away lower pH soil at the surface down to the calcareous 
subsurface soil. 
Conclusion 
Terrain analysis is a powerful tool which is useful to build prediction models in the 
Northwest Iowa Plains. Different pedological processes change in extent within a landscape, 
so a scale that best represents a soil forming process at one scale may not work at all in 
another scale within that landscape for that soil property. To effectively explain variability 
31 
of soil properties across the landscape using terrain analysis models used for prediction of the 
former must adequately reflect the processes at relevant scales. In this study soil property 
prediction models with resolutions of 8m to 40m were able to account for 27 to 70% of the 
variability of soil properties. Half of the soil property prediction models performed best at 
resolutions coarser than 25m resolution. 8m is the finest resolution which is required for 
optimum model prediction at this landscape for the selected soil properties. This suggests 
that lower relief or roughness requires lower horizontal resolutions to best describe soil 
properties and change in this landscape. Although not investigated in this study, high vertical 
resolution is expected to be more important in low relief landscapes, while high horizontal 
resolution is more important in more rugged landscapes. Topographic roughness may be 
used as a tool to guide appropriate resolutions for selected landscapes. Although topography 
is one of many factors of soil formation, it can be a major factor in some landscapes to 
explain spatial variation in soil properties. From this study, DEM resolution is an important 
factor when using terrain attributes to predict soil properties. 
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Figure 2. Digital elevation models of the study site shown at different resolutions used in the study. 
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Figure 7. Multiple linear regression models for depth to redoximorphic features at 
different resolutions. 
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Figure 8. Multiple linear regression models for depth to till at different resolutions. 
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Figure 11. Multiple linear regression models for surface organic carbon content at 
different resolutions. 
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Figure 12. Multiple linear regression models for surface pH at different resolutions. 
Table 1. Summary statistics of soil properties at study site. 
Epipedon Depth to Depth to Depth to Surface Surface Surface Surface 
Thickness Carbonates Redoximorphic Till Clay Sand Organic PH 
Features Content Content Carbon 
(cm) (cm) (cm) (cm) (%) (%) (%) 
max 87 126 111 236 34 1.8 1.3 4.3 
min 25 77 39 73 37 2.3 2.6 4.8 
mean 48 102 76 129 41 2.9 5.3 6.5 
st. dev. 13.21 10.75 16.71 35.55 1.35 0.25 0.59 0.43 
Table 2. Summary statistics of selected terrain attributes at study site. 
Upstream Aspect CTI Curvature Plan Profile SAI SPI STI 
Area degrees Curvature Curvature 
mz 
clockwise 
from north degrees*m-1 degrees*m-1 degrees*m-1 
max 59796 359.9 17.1803 
2m 
7.0213 3.4472 4.7967 0.461730 230 10.0874 
min 4 0.0 3.8099 -7.7133 -4.2509 .-3.5742 0.000002 0.000104 0.000024 
mean 295 206.5 7.7493 0.0000 -0.000913 -0.0009 0.069618 1.12831 0.150587 
st. dev. 2053 87.9 1.6636 0.4419 
20m 
0.2424 0.2680 0.051412 6.486 0.320239 
max 113600 358.2 16.5763 0.1289 0.0843 0.0925 0.178827 40.8086 1.33409 
min 400 0.6 9.3712 -0.1232 -0.0711 -0.1004 0.000070 0.02492 0.003629 
mean 4457 205.3 11.7038 0.0000 -0.0005 0.0005 0.060981 2.76057 0.303916 
st. dev. 11289 86.9 1.3087 0.0466 
40m 
0.0268 0.0277 0.044952 4.79357 0.269545 
max 110400 359.9 16.9157 0.074377 0.056708 0.038969 0.153926 18.1182 1.05632 
min 1600 0.9 10.8593 -0.064667 -0.030934 -0.057025 0.000167 0.055453 0.00632 
mean 9296 202.2 12.8966 0.000000 0.000512 0.000512 0.052280 2.71853 0.29469 
st. dev. 16256 90.4 1.1853 0.032665 0.018205 0.020216 0.041899 3.48869 0.26023 
Table 3. Multiple regression models for epipedon thickness at different resolutions*. 
Resolution Intercept Variable 1 Variable 2 Rz p value 
2m 
5m 22.8789 2.76303* (cti) 0.093 0.3310 
8m 48.7077 -78.9743* (pla) 0.113 0.0181 
10m -4.86754 5.17164** (cti) 0.213 0.0009 
12m 6.94694 3.95001** (cti) 0.158 0.0050 
15m -10.3999 5.45675** (cti) 0.210 0.0009 
20m 48.3392 -118.144** (cur) 0.224 0.0006 
25m 49.5572 -160.357** (cur) 0.292 0.0001 
30m 58.6061 -263.556** (cur) -19.7787* (sti) 0.374 0.0401 
40m 50.1824 -254.740** (cur) 0.477 <0.0000 
+ Terrain Attributes: cur = curvature; cti = compound topographic index; pla = plan curvature; 
sti = sediment transport index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Table 4. Multiple regression models for depth to carbonates at different resolutions*. 
Resolution Intercept Variable 1 Variable 2 Rz p value 
2m 
5m 
8m 102.029 -56.6646* (pla) 0.088 0.0384 
10m 33.5729 6.95021** (cti) -1.18134* (spi) 0.222 0.0187 
12m 102.061 -83.8396* (pla) 0.102 0.0252 
15m 102.368 -80.9164* (pla) 0.082 0.0460 
20m 101.801 -116.133* (pla) 0.110 0.0198 
25m 102.374 -153.598** (pla) 0.160 0.0044 
30m 105.879 -296.973** (pla) -0.000509** (a) 0.393 0.0002 
40m 102.308 -196.339** (pla) 0.167 0.0036 
*** Terrain Attributes: a = upstream area; cti = compound topographic index; pla = plan curvature; 
spi = stream power index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Table 5. Multiple regression models for depth to redoximorphic features at different resolutions*. 
Resolution Intercept Variable 1 Variable 2 Rz p value 
2m 74.4810 -43.5442* (pro) 0.134 0.0107 
5m 
8m 74.6774 -87.5210* (pro) 0.126 0.0132 
10m 
12m 177.460 -9.64112** (cti) -169.378* (pla) 0.316 0.0194 
15m 129.688 -5.00121* (cti) 0.112 0.0200 
20m 144.218 -6.14101** (cti) 0.157 0.0054 
25m 75.2438 -251.037* (pro) 0.120 0.0161 
30m 82.3940 -2.26666** (spi) 0.259 0.0002 
40m 78.3822 -277.610* (pro) -0.000509* (a) 0.289 0.0320 
+ Terrain Attributes: a = upstream area; cti = compound topographic index; pla = plan curvature; 
pro = profile curvature; spi = stream power index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Table 6. Multiple regression models for depth to till depth at different resolutions . 
Resolution Intercept Variable 1 
2m 
5m 124.709 0.00415** (a) 
8m 140.146 -349.441** (pla) 
10m -68.5067 19.1949** (cti) 
12m -81.4805 20.0851** (cti) 
15m -133.472 24.3789** (cti) 
20m -135.519 23.7800** (cti) 
25m -233.706 31.7508** (cti) 
30m -107.172 -667.334** (cur) 
40m -79.9674 17.1404** (cti) 














-95.2363** (sti) 338.177* (sai) 
+ Terrain Attributes: a = upstream area; cur = curvature; cti = compound topographic index; pla = plan curvature; 
sai = slope aspect index; sti = sediment transport index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Table 7. Multiple regression models for surface clay content at different resolutions . 
Resolution Intercept Variable 1 Variable 2 Variable 3 Rz p value 
2m 39.2999 -0.009487* (asp) -1.57547* (sti) 0.380 0.0037 
5m 39.5044 -11.2719* (sai) -0.007103* (asp) 0.356 0.0462 
8m 38.2553 -16.7725* (sai) -5.55755* (pro) 0.427 0.0162 
10m 39.7338 -13.0225* (sai) -0.007327* (asp) 0.386 0.0375 
12m 39.7355 -13.2486* (sai) -0.007220* (asp) 0.412 0.0321 
15m 38.2570 -16.3432* (sai) 0.340 <0.0000 
20m 38.5860 -19.3818* (sai) 0.321 <0.0000 
25m 38.0844 -16.1006* (sai) -16.9811* (pro) 0.437 0.0079 
30m 39.7720 -21.5163* (pro) -12.6557* (sai) -0.007898* (asp) 0.569 0.0069 
40m 39.5189 -26.0577* (pro) -15.1304* (sai) -0.006489* (asp) 0.535 0.0295 
Terrain Attributes: : asp = aspect; pro = profile curvature; sai = slope aspect index; 
sti = sediment transport index 
Significant at the 0.05 level 
Significant at the 0.01 level 
Table 8. Multiple regression models for surface sand content at different resolutions*. 
Resolution Intercept Variable 1 Variable 2 Rz p value 
2m 
5m 
8m 3.63934 -0.145830** (cti) 0.026711** (spi) 0.272 0.0013 
10m 
12m 2.27966 1.24736* (cur) 0.124 0.0130 
15m 
20m 2.11611 1.77534* (sai) 0.080 0.0486 
25m 
30m 3.08724 -0.068108* (cti) 0.095 0.0311 
40m 2.13057 1.77643* (sai) 0.080 0.0488 
+ Terrain Attributes: cti = compound topographic index; sai = slope aspect index; 
spi = stream power index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Table 9. Multiple regression models for surface organic Carbon content at different resolutions*. 
Resolution Intercept Variable 1 Variable 2 Rz p value 
2m 2.58509 0.574249* (pro) 0.123 0.0135 
5m 2.56395 0.0000229** (a) 0.604037* (pro) 0.288 0.0192 
8m 2.85038 -1.27276** (cur) -0.001071* (asp) 0.338 0.0358 
10m 1.83130 0.072897** (cti) 1.16043* (pro) 0.329 0.0285 
12m 2.53804 0.0000178** (a) 1.82962* (pro) 0.341 0.0121 
15m 2.53253 0.0000254** (a) 1.53674* (pro) 0.332 0.0303 
20m 2.53155 0.0000114** (a) 2.17376* (pro) 0.284 0.0297 
25m 2.58633 -2.55342** (cur) 0.249 0.0003 
30m 2.47423 0.032207** (spi) 0.276 0.0001 
40m 2.59263 -3.55186** (cur) 0.312 <0.0000 
+ Terrain Attributes: a = upstream area; asp = aspect; cur = curvature; 
cti = compound topographic index; pro = profile curvature; spi = stream power index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
o 
Table 10. Multiple regression models for surface pH at different resolutions*. 
Resolution Intercept Variable 1 Variable 2 Variable 3 Rz p value 
2m 5.21223 -3.39481** (sai) 0.853764* (pro) 0.249 0.4000 
5m 5.12974 0.0000556** (a) -3.41039** (sai) 0.446 0.0032 
8m 3.87568 -3.31342** (sai) 0.129704** (cti) 0.0000299* (a) 0.560 0.0470 
10m 5.11187 0.0000535** (a) -3.53652** (sai) 0.476 0.0022 
12m 5.02969 0.0000539** (a) -2.99431** (sai) 0.563 0.0035 
15m 3.01061 0.180340** (cti) 0.0000455** (a) -0.500691** (sti) 0.555 0.0077 
20m 0.162055 0.421019** (cti) 6.80337** (pla) 0.575 0.0014 
25m 2.28191 0.255045** (cti) -0.001680* (asp) 0.536 0.0184 
30m 1.93725 0.248617** (cti) 0.412 <0.0000 
40m 2.08531 0.268088** (cti) -0.002205* (asp) 0.473 0.0152 
+ Terrain Attributes: a = upstream area; asp = aspect; cti = compound topographic index; 
pla = plan curvature; pro = profile curvature; sai = slope aspect index; sti = sediment transport index 
* Significant at the 0.05 level 
** Significant at the 0.01 level 
Table 11. Multiple resolution regression models, regression coefficients, and terrain attributes4* 
Soil Properties 
Depth Properties Resolution Intercept Variable 1 Variable 2 Variable 3 Variable 4 R2 p value 
Epipedon Thickness 40m 50.1824 -254.740** (cur) 0.477 <0.0000 
Depth to Carbonates 30m 105.879 -296.973** (pla) -0.000509** (a) 0.393 0.0002 
Depth to Redoximorphic Feaures 12m 177.460 -9.64112** (cti) -169.378* (pla) 0.316 0.0194 
Depth to Till 30m -107.172 -667.334** (cur) 21.1901** (cti) -95.2363** (sti) 338.177* (sai) 0.704 0.0327 
Epipedon Properties 
Surface Clay % 30m 39.7720 -21.5163* (pro) -12.6557* (sai) -0.007898* (asp) 0.569 0.0069 
Surface Sand % 8m 3.63934 -0.145830** (cti) 0.026711** (spi) 0.272 0.0013 
Surface Organic Carbon % 12m 2.53804 0.0000178** (a) 1.82962* (pro) 0.341 0.0121 
Surface pH 20m 0.162055 0.421019** (cti) 6.80337** (pla) 0.575 0.0014 
Significant at the 0.05 level 
Significant at the 0.01 level 
Terrain Attributes: a = upstream area; asp = aspect; cur = curvature; cti = compound topographic index; pla = plan curvature; 
pro = profile curvature; sai = slope aspect index; spi = stream power index; sti = sediment transport index 
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Chapter 3: General Conclusion 
Terrain analysis is a powerful tool which is useful to build prediction models in the 
Northwest Iowa Plains. Different pedological processes change in extent within a landscape, 
so a scale that best represents a soil forming process at one scale may not work at all in 
another scale within that landscape for that soil property. To effectively explain variability 
of soil properties across the landscape using terrain analysis models used for prediction of the 
former must adequately reflect the processes at relevant scales. In this study soil property 
prediction models were investigated at resolutions of 2m to 40m, with the resolutions of 8m 
to 40m which were able to account for 27 to 70% of the variability of soil properties. Half of 
the soil property prediction models performed best at resolutions coarser than 25m 
resolution. 8m is the finest resolution which is required for optimum model prediction at 
this landscape for the selected soil properties. This suggests that lower relief or roughness 
requires lower horizontal resolutions to best describe soil properties and change in this 
landscape. Although not investigated in this study, high vertical resolution is expected to be 
more important in low relief landscapes, while high horizontal resolution is more important 
in more rugged landscapes. Topographic roughness may be used as a tool to guide 
appropriate resolutions for selected landscapes. Although topography is one of many factors 
of soil formation, it can be a major factor in some landscapes to explain spatial variation in 
soil properties. From this study, DEM resolution is an important factor when using terrain 
attributes to predict soil properties. 
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Soil Series: Marcus 
Core number: 1 
Map Unit Symbol: 92 
Location: X = 293194.909, Y = 4756062.342, Z = 442.12 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Typic Endoaquoll 
Geomorphic setting: footslope 
Slope: 1% 
Date: 12-20-05 
Described by: Dan Nath 
Ap—0 to 18cm; black (10YR 2/1) silty clay loam; weak coarse sub angular blocky structure; 
firm; strongly acid, pH 5.5; clear boundary. 
A—18 to 39cm; black (10YR 2/1) silty clay loam; moderate very fine sub angular blocky 
structure; friable; slightly acid, pH 6.3; clear boundary. 
ABg—39 to 54cm; very dark grayish brown (2.5Y 3/2), dark grayish brown (2.5Y 4/2) silty 
clay loam; moderate very fine subangular blocky structure; friable; neutral, pH 6.8; clear 
boundary. 
Bg—54 to 77cm; olive brown (2.5 Y 4/3), dark grayish brown (2.5 Y 4/2) silty clay loam; 
moderate very fine subangular blocky structure; friable; neutral, pH 7.3; abrupt boundary. 
Bkg—77 to 102cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/3) silt loam; weak fine 
subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; slightly 
alkaline, pH 7.6; gradual boundary. 
BCkg—102 to 125cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
weak coarse subangular blocky structure; friable; 2% manganese oxide accumulation; 9% 
calcium carbonate; slightly effervescent; slightly alkaline, pH 7.7; gradual boundary 
Cgl — 125 to 151cm; grayish brown (2.5Y 5/1), brown (10YR 4/3) silt loam; massive; friable; 
9% calcium carbonate; slightly effervescent; slightly alkaline pH 7.7; gradual boundary. 
Cg2—151 to 181cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2) silt loam; massive; 
friable; 1% manganese oxide accumulation; 9% calcium carbonate; slightly effervescent; 
moderately alkaline pH 7.9; clear boundary. 
2C--181 to 187+cm; yellowish brown (10YR 5.4) loam; massive; friable; 12% calcium 
carbonate; strongly effervescent; slightly alkaline pH 7.6. 
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Soil Series: Marcus 
Core number: 2 
Map Unit Symbol: 92 
Location: X = 293216.779, Y = 293216.779, Z = 442.38 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Typic Endoaquoll 
Geomorphic setting: footslope 
Slope: 1% 
Date: 12-19-05 
Described by: Dan Nath 
Ap—0 to 17cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
slightly acid, pH 6.5; clear boundary. 
A—17 to 38cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
slightly acid, pH 6.5; clear boundary. 
AB--38 to 59cm; very dark grayish brown (2.5Y 3/2) silty clay; moderate very fine 
subangular blocky structure; friable; neutral pH 6.7; clear boundary 
Bg—59 to 76cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2), dark yellowish 
brown (10YR 4/4) silty clay loam; moderate very fine subangular blocky structure; friable; 
neutral pH 7.0; gradual boundary. 
Bw—76 to 97cm; light olive brown (2.5Y 5/3) silty clay loam; moderate very fine subangular 
blocky structure; friable; neutral pH 7.3; clear boundary. 
Bk—97 to 120cm; light olive brown (2.5Y 5/3), light olive brown (2.5Y 5/4) silt loam; weak 
fine subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.8; gradual boundary. 
Cgl — 120 to 166cm; grayish brown (2.5Y 5/2), light olive brown (2.5Y 5/4) silt loam; 
massive; friable; 9% calcium carbonate; slightly effervescent; neutral pH 7.2; clear boundary. 
Cg2—166 to 203cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
massive; friable; 2% manganese oxide accumulation; 9% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.4; clear boundary. 
Cg3—203 to 236cm; grayish brown (2.5Y 5/2) silt loam; massive; friable; 10% calcium 
carbonate; slightly effervescent; neutral pH 7.3; abrupt boundary. 
2C--236 to 249+cm; yellowish brown (10YR 5/8) silt loam; massive; firm; 6% gravels; 10% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.5. 
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Soil Series: Marcus 
Core number: 3 
Map Unit Symbol: 92 
Location: X = 293242.007, Y = 293242.007, Z = 442.92 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Typic Endoaquoll 
Geomorphic setting: footslope 
Slope: 1% 
Date: 12-22-05 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR2/1) silty clay loam; moderate medium granular structure; 
friable; few very fine roots; moderately acid pH 5.8; clear boundary. 
A—23 to 35cm; black (10YR 2/1) clay loam; moderate very fine subangular blocky structure; 
friable; slightly acid pH 6.2; clear boundary. 
AB--35 to 54cm; very dark gray (2.5Y 3/1) clay loam; moderate very fine subangular blocky 
structure; friable; slightly acid pH 6.5; clear boundary. 
Bgl—54 to 75cm; olive brown (2.5Y 4/3), dark grayish brown (10YR 4/2), dark yellowish 
brown (10YR 4/4) silty clay loam; moderate fine subangular blocky structure; friable; neutral 
pH 6.9; gradual boundary. 
Bg2—75 to 101 cm; grayish brown (2.5Y 5/2), brown (10YR 4/3) silty clay loam; moderate 
fine subangular blocky structure; friable; neutral pH 7.0; abrupt boundary. 
Bkg—101 to 128cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/4) silt loam; weak 
medium subangular blocky structure; friable; 10% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.4; gradual boundary. 
BCkg—128 to 149cm; grayish brown (2.5Y 5/2), brown (10YR 4/3) silt loam; weak medium 
subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; slightly 
alkaline pH 7.5; gradual boundary. 
Cg—149 to 165cm; grayish brown (2.5Y 5/2), brown (10YR 4/3) silt loam; massive; friable; 
10% calcium carbonate; slightly effervescent; slightly alkaline pH 7.5; abrupt boundary. 
2C--165 to 175+cm; yellowish brown (10YR 5/6) loam; massive; friable; 22% calcium 
carbonate; violently effervescent; slightly alkaline pH 7.8. 
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Soil Series: Marcus 
Core number: 4 
Map Unit Symbol: 92 
Location: X = 293265.780, Y = 4756158.390, Z = 443.65 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Typic Endoaquoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 12-22-05 
Described by: Dan Nath 
Ap—0 to 20cm; black (10YR 2/1) silty clay loam; weak fine subangular blocky structure; 
friable; common very fine roots; strongly acid pH 5.2; clear boundary. 
A—20 to 36cm; black (10YR 2/1) silty clay; moderate fine subangular blocky structure; 
friable; moderately acid pH 5.8; clear boundary. 
AB--36 to 53cm; very dark grayish brown (2.5Y 3/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; strongly acid pH 5.2; gradual boundary. 
Bg—53 to 77cm; dark grayish brown (2.5Y 4/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; neutral pH 6.7; gradual boundary. 
Bw—77 to 106cm; grayish brown (2.5Y 5/3) silty clay loam; moderate very fine subangular 
blocky structure; friable; neutral pH 7.3; abrupt boundary. 
Bkg—106 to 141cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
weak medium subangular blocky structure; friable; 1% manganese oxide accumulation; 11% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.7; gradual boundary. 
BCkg—141 to 172cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/4) silt loam; weak 
medium subangular blocky structure; friable; 10% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.7; clear boundary. 
2C—172 to 182+cm; yellowish brown (10YR 5/4) gravelly loam; massive; friable; 31% 
gravels; 15% calcium carbonate; strongly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Sac 
Core number: 5 
Map Unit Symbol: 77 
Location: X = 293289.483, Y = 4756190.311, Z = 444.49 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Oxyaquic Hapludoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 12-23-05 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR 2/1) silty clay loam; weak medium granular structure; friable; 
very strongly acid pH 4.5; abrupt boundary. 
A—23 to 37cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
very strongly acid pH 4.9; clear boundary. 
AB--37 to 57cm; very dark gray (2.5Y 3/1) silty clay loam; moderate very fine subangular 
blocky structure; friable; strongly acid pH 5.2; clear boundary. 
Bwl—57 to 75cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.2; gradual boundary. 
Bw2—75 to 101cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; 2% manganese oxide accumulation; neutral pH 6.9; gradual 
boundary. 
BCg—101 to 126cm; light olive brown (2.5Y 5/3), light olive brown (2.5Y 5/4), grayish 
brown (2.5Y 5/2) silty clay loam; weak medium subangular blocky structure; friable; slightly 
alkaline pH 7.7; abrupt boundary. 
Cg—126 to 155cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/3) silty clay loam; 
massive; friable; 9% calcium carbonate; slightly effervescent; slightly alkaline pH 7.6; abrupt 
boundary. 
2C--155 to 166+cm; yellowish brown (10YR 5/6) gravelly loam; massive; firm; 23% gravel; 
24% calcium carbonate; violently effervescent; moderately alkaline pH 8.0. 
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Soil Series: McCreath 
Core number: 6 
Map Unit Symbol: 109IB 
Location: X = 293313.717, Y = 4756222.859, Z = 445.23 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 12-21-05 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
few very fine roots; very strongly acid pH 4.9; clear boundary. 
A—23 to 43cm; very dark brown (10YR 2/2), very dark grayish brown (2.5Y 3/2) silty clay 
loam; moderate very fine subangular blocky structure; friable; strongly acid pH 5.4; clear 
boundary. 
Bwl—43 to 66cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.2; clear boundary. 
Bw2—66 to 85cm; olive brown (2.5Y 4/3) silty clay loam; weak very fine subangular blocky 
structure; friable; 1% manganese oxide accumulation; neutral pH 6.7; gradual boundary. 
Bgl—85 to 104cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2), dark yellowish 
brown (10YR 4/4) silty clay loam; weak medium subangular blocky structure; friable; 1% 
manganese oxide accumulation; neutral pH 6.9; gradual boundary. 
Bg2—104 to 118; grayish brown (2.5 Y 5/2), dark yellowish brown (10YR 4/4) silty clay 
loam; weak medium subangular blocky structure; friable; 2% manganese oxide 
accumulation; slightly alkaline pH 7.4; abrupt boundary. 
BCkg—118 to 130cm; gray (2.5Y 5/1), dark yellowish brown (10YR 4/4) silt loam; weak 
coarse subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; 
moderately alkaline pH 7.9; abrupt boundary. 
2C--130 to 149+cm; yellowish brown (10YR 5/6) gravelly loam; massive; friable; 15% 
gravels; 19% calcium carbonate; strongly effervescent; moderately alkaline pH 8.2. 
61 
Soil Series: Taxajunct Sac 
Core number: 7 
Map Unit Symbol: 77B 
Location: X = 293337.870, Y = 4756254.913, Z = 445.83 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Oxyaquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 11-01-05 
Described by: Dan Nath 
Apl—0 to 10cm; black (10YR 2/1) silty clay loam; moderate fine subangular blocky 
structure; friable; few very fine roots; very strongly acid pH 4.8; clear boundary. 
Ap2—10 to 26cm; black (10YR 2/1) silty clay loam; moderate coarse subangular blocky 
structure; friable; very strongly acid pH 4.7; clear boundary. 
A—26 to 37cm; black (10YR 2/1), very dark gray (10YR 3/1) silty clay loam; moderate fine 
granular structure; friable; strongly acid pH 5.4; clear boundary. 
AB--37 to 53cm; very dark grayish brown (2.5Y 3/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; strongly acid pH 5.5; clear boundary. 
Bwl—53 to 76cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; moderately acid pH 5.9; gradual boundary. 
Bw2—76 to 100cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; 3% manganese oxide accumulation; neutral pH 6.7; gradual 
boundary. 
Bg—100 to 114cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2) silt loam; weak 
medium subangular blocky structure; friable; slightly alkaline pH 7.4; abrupt boundary. 
BCkg—114 to 129cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2) silt loam; weak 
medium subangular blocky structure; very friable; 10% calcium carbonate; slightly 
effervescent; moderately alkaline pH 7.9; clear boundary. 
2C--129 to 148+cm; yellowish brown (10YR 5/6) clay loam; massive; firm; 9% gravels; 17% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Afton 
Core number: 8 
Map Unit Symbol: 31 
Location: X = 293219.968, Y = 4756044.067, Z = 442.04 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Endoaquoll 
Geomorphic setting: footslope 
Slope: 2% 
Date: 12-21-05 
Described by: Dan Nath 
Ap—0 to 24cm; black (10YR 2/1) silty clay loam; weak medium granular structure; friable; 
moderately acid pH 5.6; clear boundary. 
A—24 to 47cm; black (10YR 2/1) silty clay; moderate very fine subangular blocky structure; 
friable; slightly acid pH 6.1; clear boundary. 
BA--47 to 63cm; very dark grayish brown (2.5Y 3/2) silty clay; moderate very fine 
subangular blocky structure; friable; slightly acid pH 6.2; gradual boundary. 
Bgl—63 to 84cm; dark grayish brown (2.5Y 4/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; slightly acid pH 6.5; gradual boundary. 
Bg2—84 to 105cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2), dark yellowish 
brown (10YR 4/4) silty clay loam; moderate very fine subangular blocky structure; friable; 
neutral pH 7.2; abrupt boundary. 
BCkg—105 to 118cm; grayish brown (2.5Y 5/2), light olive brown (2.5Y 5/3) silt loam; weak 
medium subangular blocky structure; friable; 2% manganese oxide accumulation; 4% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.7; gradual boundary. 
Cg—118 to 158cm; grayish brown (2.5Y 5/2), light olive brown (2.5Y 5/3) silt loam; 
massive; friable; 8% calcium carbonate; slightly effervescent; slightly alkaline pH 7.8; abrupt 
boundary. 
2C--158 to 171+cm; yellowish brown (10YR 5/4) loam; massive; friable; 9% gravels; 12% 
calcium carbonate; strongly effervescent; moderately alkaline pH 7.9. 
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Soil Series: Taxajunct Afton 
Core number: 9 
Map Unit Symbol: 31 
Location: X = 293242.581, X = 4756076.882, Y = 442.52 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Endoaquoll 
Geomorphic setting: footslope 
Slope: 1% 
Date: 12-23-05 
Described by: Dan Nath 
Ap—0 to 19cm; black (10YR 2/1) silty clay loam; weak medium granular structure; friable; 
moderately acid pH 5.7; clear boundary. 
A1--19 to 34cm; black (10YR 2/1) silty clay; moderate fine granular structure; friable; 
slightly acid pH 6.5; gradual boundary. 
A2--34 to 53cm; black (10YR 2/1) silty clay; moderate very fine subangular blocky 
structure; friable; neutral pH 6.7; gradual boundary. 
BAg—53 to 74cm; very dark grayish brown (2.5Y 3/2) dark grayish brown (2.5Y 4/2) silty 
clay; moderate fine subangular blocky structure; friable; neutral pH 7.0; clear boundary. 
Bg—74 to 91cm; dark grayish brown (2.5 Y 4/2), olive brown (2.5 Y 4/4) silty clay loam; 
moderate medium subangular blocky structure; friable; slightly alkaline pH 7.4; gradual 
boundary. 
BCg—92 to 116cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 3/4) silty clay 
loam; weak medium subangular blocky structure; friable; slightly alkaline pH 7.8; abrupt 
boundary. 
Cgl — 116 to 157cm; grayish brown (2.5Y 5/2) silt loam; massive; friable; 7% calcium 
carbonate; slightly effervescent; slightly alkaline pH 7.8; clear boundary. 
Cg2—157 to 177cm; grayish brown (2.5 Y 5/2), dark reddish brown (5YR 3/4) silt loam; 
massive; friable; 9% calcium carbonate; slightly effervescent; moderately alkaline pH 7.9; 
clear boundary. 
Cg3—177 to 204cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/3), silt loam; massive; 
friable; 9% calcium carbonate; slightly effervescent; moderately alkaline pH 7.9; clear 
boundary. 
2C--204 to 220+cm; yellowish brown (10YR 5/6) loam; massive; firm; 6% calcium 
carbonate; slightly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Marcus 
Core number: 10 
Map Unit Symbol: 92 
Location: X = 293266.377, Y = 4756108.958, Z = 443.11 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Typic Endoaquoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 12-20-05 
Described by: Dan Nath 
Ap—0 to 18cm; black (10YR 2/1) silty clay loam; weak medium subangular blocky structure; 
friable; strongly acid pH 5.4; clear boundary. 
A—18 to 34cm; black (10YR 2/1) silty clay; moderate fine granular structure; friable; slightly 
acid pH 6.1; clear boundary. 
AB—34 to 50cm; very dark gray (2.5Y 3/2) silty clay; moderate very fine subangular blocky 
structure; friable; neutral pH 6.7; clear boundary. 
Bgl—50 to 67cm; dark grayish brown (2.5Y 4/2), very dark gray (2.5Y 3/2) silty clay; 
moderate very fine subangular blocky structure; friable; neutral pH 7.0; clear boundary. 
Bg2—67 to 93cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2), dark yellowish 
brown (10YR 4/4) silty clay loam; moderate fine subangular blocky structure; friable; neutral 
pH 7.0; gradual boundary. 
BCg—93 to 125cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silty clay 
loam; weak medium subangular block structure; friable; slightly alkaline pH 7.6; gradual 
boundary. 
Cgl —125 to 154cm; grayish brown (2.5Y 5/2), light olive brown (2.5Y 5/4) silt loam; 
massive; friable; 3% manganese oxide accumulation; 6% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.6; clear boundary. 
Cg2—154 to 170cm; grayish brown (2.5Y 5/2), light olive brown (2.5Y 5/4) silt loam; 
massive; friable; 8% calcium carbonate; slightly effervescent; slightly alkaline pH 7.8; clear 
boundary. 
2C—170 to 185+cm; yellowish brown (10YR 5/6) gravelly loam; massive; friable; 19% 
gravels; 18% calcium carbonate; strongly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Primghar 
Core number: 11 
Map Unit Symbol: 91 
Location: X = 293290.033, Y = 4756140.547, Z = 443.77 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 12-19-05 
Described by: Dan Nath 
Ap—0 to 24cm; black (10YR 2/1) silty clay loam; weak medium subangular blocky structure; 
friable; very strongly acid pH 5.0; clear boundary. 
A—24 to 45cm; black (10YR 2/1) silty clay; moderate fine granular structure; friable; 
moderately acid pH 6.0; clear boundary. 
AB—45 to 60cm; very dark grayish brown (2.5Y 3/2) silty clay; moderate very fine 
subangular blocky structure; friable; slightly acid pH 6.4; clear boundary. 
Bw—60 to 80cm; olive brown (2.5Y 4/3) silty clay; moderate very fine subangular blocky 
structure; friable; neutral pH 6.8; gradual boundary. 
Bg—80 to 109cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2), olive brown (2.5Y 4/4) 
silty clay loam; moderate very fine subangular blocky structure; friable; neutral pH 7.0; 
abrupt boundary. 
BCkg—109 to 134cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
weak very fine subangular blocky structure; friable; 7% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.6; clear boundary. 
Cg—134 to 159cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
massive; friable; 5% calcium carbonate; slightly effervescent; slightly alkaline pH 7.8; clear 
boundary. 
2C—159 to 168+cm; dark yellowish brown (10YR 4/4) sandy loam; massive; friable; 10% 
gravels; 17% calcium carbonate; strongly effervescent; slightly alkaline pH 7.8. 
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Soil Series: Taxajunct Primghar 
Core number: 12 
Map Unit Symbol: 9IB 
Location: X = 293314.016, Y = 4756172.504, Z = 444.57 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 10-29-05 
Described by: Dan Nath 
Ap—0 to 15cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
extremely acid pH 4.3; abrupt boundary. 
Al —15 to 31cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; very strongly acid pH 4.6; abrupt boundary. 
A2—31 to 50cm; very dark grayish brown (10YR 3/2) silty clay loam; moderate fine 
subangular blocky structure; friable; very strongly acid pH 4.9; gradual boundary. 
AB—50 to 64cm; olive brown (2.5Y 4/3), black (10YR 2/1) silty clay loam; moderate fine 
subangular blocky structure; friable; strongly acid pH 5.3; clear boundary. 
Bw—64 to 85cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.5; clear boundary. 
Bg—85 to 99cm; olive brown (2.5 Y 4/3), dark grayish brown (2.5 Y 4/2), brown (10YR 4/3) 
silt loam; weak medium subangular blocky structure; friable; neutral pH 7.3; abrupt 
boundary. 
Bkg—99 to 120cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
weak medium subangular blocky structure; friable; 10% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.6; clear boundary. 
BCkg—120 to 133cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/3) silt loam; weak 
medium subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.8; clear boundary. 
2Cg—133 to 150+cm; yellowish brown (10YR 5/6), light brownish gray (2.5Y 6/2) loam; 
massive; friable; 7% gravels; 15% calcium carbonate; strongly effervescent; moderately 
alkaline pH 8.2. 
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Soil Series: Taxajunct Primghar 
Core number: 13 
Map Unit Symbol: 91 
Location: X = 293338.334, Y = 4756205.179, Z = 445.58 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 10-29-05 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
few very fine roots; extremely acid pH 4.4; clear boundary. 
Al—23 to 36cm; very dark gray (10YR 3/1), very dark grayish brown (10YR 3/2) silty clay 
loam; moderate very fine subangular blocky structure; friable; very strongly acid pH 4.7; 
clear boundary. 
A2—36 to 53cm; very dark grayish brown (10YR 3/2) silty clay loam; moderate fine 
subangular blocky structure; friable; strongly acid pH 5.2; clear boundary. 
Bwl—53 to 80cm; brown (10YR 4/3) silty clay loam; weak medium subangular blocky 
structure; friable; 4% manganese oxide accumulation; moderately acid pH 6.0; gradual 
boundary. 
Bw2—80 to 98cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; neutral pH 7.0; abrupt boundary. 
BCkg—98 to 111cm; olive brown (2.5Y 4/3), brownish gray (2.5Y 6/2), dark yellowish 
brown (10YR 4/4) silt loam; weak medium subangular blocky structure; friable; 10% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.6; clear boundary. 
2C—111 to 133+cm; yellowish brown (10YR 5/4) silt loam; massive; firm; 12% gravels; 8% 
calcium carbonate; slightly effervescent; moderately alkaline pH 7.9. 
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Soil Series: Taxajunct Primghar 
Core number: 14 
Map Unit Symbol: 91 
Location: X = 293361.054, Y = 4756237.241, Z = 446.23 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 2% 
Date: 10-29-05 
Described by: Dan Nath 
Apl—0 to 10cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
few very fine roots; extremely acid pH 4.4; clear boundary. 
Ap2—10 to 28cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
very strongly acid pH 4.5; clear boundary. 
A—28 to 44cm; very dark gray (10YR 3/1) silty clay loam; moderate fine subangular blocky 
structure; friable; very strongly acid pH 5.0; clear boundary. 
AB--44 to 57cm; very dark grayish brown (2.5Y 3/2) silty clay loam; moderate fine 
subangular blocky structure; friable; strongly acid pH 5.5; clear boundary. 
Bwl—57 to 74cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; strongly acid pH 5.5; gradual boundary. 
Bw2—74 to 97cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; 5% manganese oxide accumulation; slightly acid pH 6.3; clear boundary. 
Bkg—97 to 113cm; grayish brown (2.5Y 4/2), gray (2.5Y 5/1), dark yellowish brown (10YR 
4/4) silty clay loam; weak medium subangular blocky structure; friable; 3% manganese oxide 
accumulation; 3% calcium carbonate; very slightly effervescent; neutral pH 7.0; abrupt 
boundary. 
BCkg—113 to 140cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2), dark yellowish 
brown (10YR 4/4) silt loam; weak medium subangular blocky structure; friable; 10% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.6; abrupt boundary. 
2Cg—140 to 153+cm; yellowish brown (10YR 5/6), gray (2.5Y 6/1) clay loam; massive; 
friable; 6% gravels; 4% calcium carbonate; slightly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Afton 
Core number: 15 
Map Unit Symbol: 31 
Location: X = 293243.220, Y = 4756026.227, Z = 442.41 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Endoaquoll 
Geomorphic setting: footslope 
Slope: 2% 
Date: 12-17-05 
Described by: Dan Nath 
Ap—0 to 17cm; very dark brown (10YR 2/2) silty clay loam; moderate medium granular 
structure; firm; common very fine roots; very strongly acid pH 4.7; abrupt boundary. 
Al —17 to 42cm; black (10YR 2/1) silty clay loam; moderate very fine subangular blocky 
structure; friable; strongly acid pH 5.5; clear boundary. 
A2—42 to 68cm; black (10YR 2/1), very dark gray (10YR 3/1) silty clay loam; moderate very 
fine subangular blocky structure; friable; slightly acid pH 6.2; clear boundary. 
AB—68 to 87cm; very dark gray (2.5Y 3/1) silty clay loam; moderate very fine subangular 
blocky structure; friable; neutral pH 6.7; abrupt boundary. 
Bg—87 to 103cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2), brown (10YR 4/3) 
silty clay loam; weak very fine subangular blocky structure; friable; neutral pH 7.2; abrupt 
boundary. 
BCkg—103 to 134cm; grayish brown (2.5Y 4/2) silt loam; weak medium subangular blocky 
structure; friable; 5% manganese oxide accumulation; 8% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.8; gradual boundary. 
C—134 to 158cm; brown (10YR 5/3) silt loam; massive; friable; 9% calcium carbonate; 
slightly effervescent; moderately alkaline pH 7.9; clear boundary. 
2C-158 to 165+cm; yellowish brown (10YR 5/4) gravelly silt loam; massive; friable; 22% 
gravels; 13% calcium carbonate; strongly effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Anthon 
Core number: 16 
Map Unit Symbol: 527 
Location: X = 293266.239, Y = 4756058.591, Z = 442.99 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic setting: backslope 
Slope: 1% 
Date: 12-17-05 
Described by: Dan Nath 
Ap—0 to 22cm; black (10YR 2/1) silty clay loam; moderate fine subangular blocky structure; 
firm; few very fine roots; strongly acid pH 5.1; clear boundary. 
A1—22 to 50cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
moderately acid pH 6.0; clear boundary. 
A2—50 to 69cm; very dark gray (10YR 3/1), very dark grayish brown (10YR 3/2) silty clay 
loam; moderate very fine subangular blocky structure; friable; moderately acid pH 6.0; clear 
boundary. 
Bw—69 to 95cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; neutral pH 6.6; clear boundary. 
Bg—95 to 110cm; light olive brown (2.5Y 5/3), very dark gray (2.5Y 3/1), brownish gray 
(2.5Y 6/2), dark yellowish brown (10YR 4/4) silt loam; weak fine subangular blocky 
structure; friable; slightly alkaline pH 7.5; abrupt boundary. 
BCkg—110 to 134cm; light olive brown (2.5 Y 5/3), grayish brown (2.5 Y 5/2), dark yellowish 
brown (10YR 4/4) silt loam; weak medium subangular blocky structure; friable; 5% 
manganese oxide accumulation; 8% calcium carbonate; slightly effervescent; slightly 
alkaline pH 7.5; gradual boundary. 
Cg—134 to 165cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/4) silt loam; massive; 
friable; 2% manganese oxide accumulation; 10% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.8; clear boundary. 
2Cg—165 to 177+cm; yellowish brown (10YR 5/4), light brownish gray (2.5Y 6/2) silt loam; 
massive friable; 16% calcium carbonate; strongly effervescent; moderately alkaline pH 8.1. 
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Soil Series: Gillett Grove 
Core number: 17 
Map Unit Symbol: 1092 
Location: X = 293291.075, Y = 4756090.389, Z = 443.48 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Typic Endoaquoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 12-16-05 
Described by: Dan Nath 
Ap—0 to 21cm; black (10YR 2/1) silty clay loam; moderate medium subangular blocky 
structure; firm; strongly acid pH 5.1; clear boundary. 
Al—21 to 41cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; moderately acid pH 6.0; clear boundary. 
A2—41 to 58cm; very dark grayish brown (2.5Y 3/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; slightly acid pH 6.4; clear boundary. 
Bg—58 to 85cm; dark grayish brown (2.5Y 4/2) silty clay loam; moderate fine subangular 
blocky structure; friable; neutral pH 7.0; clear boundary. 
Bw—85 to 106cm; light olive brown (2.5Y 5/3), light olive brown, (2.5Y 5/4) silt loam; 
moderate fine subangular blocky structure; friable; neutral pH 7.3; abrupt boundary. 
BCkg—106 to 135cm; grayish brown (2.5Y 5/2), olive brown (2.5Y 4/3) silt loam; weak 
medium subangular blocky structure; friable; 1% manganese oxide accumulation; 6% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.8; gradual boundary. 
C—135 to 149cm; light olive brown (2.5Y 5/3) silt loam; massive; friable; 1% manganese 
oxide accumulation; 10% calcium carbonate; slightly effervescent; neutral pH 7.3; clear 
boundary. 
2C—149 to 160+cm; yellowish brown (10YR 5/4) silt loam; massive friable; 21% calcium 
carbonate; strongly effervescent; neutral pH 0.7. 
72 
Soil Series: Taxajunct Afton 
Core number: 18 
Map Unit Symbol: 31 
Location: X = 293314.560, Y = 4756122.430, Z = 444.25 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Endoaquoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 12-10-05 
Described by: Dan Nath 
Ap—0 to 21cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; few very fine roots; very strongly acid pH 4.6; clear boundary. 
A—21 to 44cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
very strongly acid pH 5.0; clear boundary. 
AB--44 to 62cm; very dark gray (10YR 3/1), olive brown (2.5Y 4/3) silty clay loam; 
moderate very fine sub angular blocky structure; friable; moderately acid pH 6.0; clear 
boundary. 
Bgl—62 to 76cm; dark grayish brown (2.5Y 4/2) silty clay loam; moderate very fine 
sub angular blocky structure; friable; neutral pH 6.6; clear boundary. 
Bg2—76 to 99cm; dark grayish brown (2.5Y 4/2), olive brown (2.5Y 4/4) silty clay loam; 
moderate fine subangular blocky structure; friable; 2% manganese oxide accumulation; 
neutral pH 7.0; clear boundary. 
Bg3—99 to 125cm; grayish brown (2.5Y 4/2) light olive brown (2.5Y 5/3), silty loam; 
moderate medium granular structure; friable; 2% manganese oxide accumulation; slightly 
alkaline pH 7.5; abrupt boundary. 
Bkg—125 to 176cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2), brown (10YR 
4/3) silt loam; weak medium subangular blocky structure; friable; 9% calcium carbonate; 
slightly effervescent; moderately alkaline pH 8.0; clear boundary. 
BCkg—176 to 203cm; olive brown (2.5Y 4/4), grayish brown (2.5Y 5/2) silty clay loam; 
weak medium subangular blocky structure; 15% calcium carbonate; friable; strongly 
effervescent; moderately alkaline pH 8.0; abrupt boundary. 
2C—203 to 215+cm; yellowish brown (10YR 5/6) gravelly loam; massive; firm; 17% 
gravels; 18% calcium carbonate; strongly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Anthon 
Core number: 19 
Map Unit Symbol: 527B 
Location: X = 293338.634, Y = 4756122.430, Z = 445.02 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Cumulic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 10-27-05 
Described by: Dan Nath 
Apl—0 to 16cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
few very fine roots; extremely acid pH 4.4; clear boundary. 
Ap2—16 to 33cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; very strongly acid pH 4.5; clear boundary. 
A1--33 to 45cm; very dark gray (10YR 3/1) silty clay loam; moderate fine subangular blocky 
structure; friable; very strongly acid pH 5.0; clear boundary. 
A2--45 to 60cm; very dark gray (10YR 3/1) silty clay loam; moderate medium subangular 
blocky structure; friable; few very fine roots; strongly acid pH 5.1; clear boundary. 
A3—60 to 77cm; very dark grayish brown (10YR 3/1) silty clay loam; moderate medium 
subangular blocky structure; friable; strongly acid pH 5.4; clear boundary. 
Bw—77 to 90cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; moderately acid pH 5.9; clear boundary. 
Bg—90 to 110cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2), dark yellowish brown 
(10YR 4/4) silty clay loam; weak medium subangular blocky structure; friable; neutral pH 
6.7; abrupt boundary. 
Bkg—110 to 125; grayish brown (2.5Y 5/2), brown (10YR 4/3) silt loam; weak medium 
subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; slightly 
alkaline pH 7.8; gradual boundary. 
BCkg—125 to 149cm; grayish brown (2.5Y 5/2), brown (10YR 4/3) silt loam; weak medium 
subangular blocky structure; friable; 9% calcium carbonate; slightly effervescent; moderately 
alkaline pH 8.0; gradual boundary. 
Cg—149 to 166cm; grayish brown (2.5Y 5/2) brown (10YR 4/3) silt loam; massive; friable; 
10% calcium carbonate; slightly effervescent; moderately alkaline pH 8.0; abrupt boundary. 
2C—166 to 170+cm; yellowish brown (10YR 5/4) gravelly loam; massive friable; 20% 
gravels; 19% calcium carbonate; strongly effervescent; moderately alkaline pH 7.9. 
74 
Soil Series: Taxajunct Primghar 
Core number: 20 
Map Unit Symbol: 9IB 
Location: X = 293362.225, Y = 4756186.652, Z = 446.05 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 20-16-05 
Described by: Dan Nath 
Ap—0 to 26cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; few very fine roots; very strongly acid pH 4.7; abrupt boundary. 
A—26 to 38cm; very dark gray (10YR 3/1), very dark grayish brown (10YR 3/2) silty clay; 
moderate medium granular structure; friable; few very fine roots; strongly acid pH 5.3; clear 
boundary. 
AB--38 to 53cm; dark brown (10YR 3/3), brown (10YR 4/3) silty clay; moderate fine 
subangular blocky structure; friable; moderately acid pH 5.7; clear boundary. 
Bw—53 to 69cm; brown (10YR 4/3) moderate medium subangular blocky structure; friable; 
moderately acid pH 5.8; gradual boundary. 
Bgl—69 to 97cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2) silty clay loam; 
moderate fine subangular blocky structure; friable; neutral pH 6.6; clear boundary. 
Bg2—97 to 110cm; olive brown (2.5Y 5/3), gray (2.5Y 5/1), dark yellowish brown (10YR 
4/4) moderate fine subangular blocky structure; friable; slightly alkaline pH 7.6; abrupt 
boundary. 
Bkg—110 to 129cm; grayish brown (2.5 Y 4/2), gray (2.5 Y 5/1), brown (10YR 4/3) silt loam; 
moderate medium granular structure; friable; 10% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.7; clear boundary. 
BCkg—129 to 150cm; grayish brown (2.5Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
weak medium subangular blocky structure; friable; 11% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.8; gradual boundary. 
2Cgl —150 to 165cm; yellowish brown (10YR 5/4), gray (2.5Y 6/1), dark yellowish brown 
(10YR 4/4) silt loam; massive; friable; 14% calcium carbonate; strongly effervescent; 
slightly alkaline pH 7.8; clear boundary. 
2Cg2—165 to 178+cm; yellowish brown (10YR 5/6), light brownish gray (2.5Y 6/2) loam; 
massive firm; 24% calcium carbonate; violently effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Primghar 
Core number: 21 
Map Unit Symbol: 91 
Location: X = 293386.161, Y = 4756218.904, Z = 446.59 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 1% 
Date: 10-15-05 
Described by: Dan Nath 
Ap—0 to 20cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
very strongly acid pH 4.5; clear boundary. 
A—20 to 40cm; very dark grayish brown (10YR 3/2) silty clay; moderate fine subangular 
blocky structure; friable; strongly acid pH 5.2; clear boundary. 
Bwl—40 to 56cm; brown (10YR /3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.6; clear boundary. 
Bw2—56 to 76cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; slightly acid pH 6.3; gradual boundary. 
Bg—76 to 91cm; olive brown (2.5 Y 4/3), grayish brown (2.5 Y 5/2) silty clay loam; moderate 
medium subangular blocky structure; friable; neutral pH 7.0; abrupt boundary. 
BCkg—91 to 106cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2), olive brown (2.5Y 
4/4) silt loam; weak coarse subangular blocky structure; friable; 12% calcium carbonate; 
strongly effervescent; slightly alkaline pH 7.8; clear boundary. 
2C--106 to 119+cm; yellowish brown (10YR 5/6) loam; massive; friable; 5% gravels; 13% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Primghar 
Core number: 22 
Map Unit Symbol: 9IB 
Location: X = 293267.218, Y = 4756008.973, Z = 442.70 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Oxyaquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 10-12-05 
Described by: Dan Nath 
Apl—0 to 8cm; black (10YR 2/1) silty clay loam; moderate very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 5.0; clear boundary. 
Ap2—8 to 24cm; black (10YR 2/1) silty clay loam; moderate very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.7; abrupt boundary. 
A—24 to 35cm; black (10YR 2/1) silty clay; moderate medium granular structure; friable; 
few very fine roots; strongly acid pH 5.4; clear boundary. 
AB--35 to 57cm; very dark grayish brown (10YR 3/2), brown (10YR 4/3) silty clay loam; 
moderate fine subangular blocky structure; friable; moderately acid pH 5.8; clear boundary. 
Bw—57 to 86cm; olive brown (2.5Y 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; 1% manganese oxide accumulation; slightly acid pH 6.4; clear boundary. 
Bg—86 to 100cm; olive brown (2.5Y 4/3), dark yellowish brown (10YR 3/4), dark grayish 
brown (2.5Y 4/2) silt loam; moderate medium subangular blocky structure; friable; slightly 
alkaline pH 7.4; clear boundary. 
BCkg—100 to 113cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2), dark yellowish 
brown (10YR 4/4) silt loam; weak medium subangular blocky structure; friable; 12% 
calcium carbonate; strongly effervescent; moderately alkaline pH 7.9; abrupt boundary. 
2C--113 to 126cm; yellowish brown (10YR 5/4), brown (10YR 5/3), yellowish brown (10YR 
5/6) loam; massive; friable; 6% gravels; 19% calcium carbonate; strongly effervescent; 
moderately alkaline pH 8.1; clear boundary. 
2Cg—126 to 150+cm; yellowish brown (10YR 5/6), light brownish gray (10YR 6/2) loam; 
massive; firm; 7& gravels; 29% calcium carbonate; violently effervescent; moderately 
alkaline pH 8.2. 
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Soil Series: Taxajunct Primghar 
Core number: 23 
Map Unit Symbol: 9IB 
Location: X = 293290.395, Y = 4756040.964, Z = 443.50 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 10-11-05 
Described by: Dan Nath 
Apl—0 to 10cm; very dark gray (10YR 3/1) silty clay loam; fine medium granular structure; 
friable; common very fine roots; very strongly acid pH 4.7; clear boundary. 
Ap2—10 to 26cm; black (10YR 2/1), very dark grayish brown (10YR 2/2) silty clay loam; 
moderate medium granular structure; friable; common very fine roots; extremely acid pH 
4.3; abrupt boundary. 
A—26 to 40cm; very dark grayish brown (10YR 3/2), black (10YR 2/1), dark brown (10YR 
3/3) silty clay loam; weak medium subangular blocky structure; friable; strongly acid pH 5.5; 
clear boundary. 
Bw—40 to 55cm; brown (10YR 4/3) silty clay loam; weak medium subangular blocky 
structure; friable; moderately acid pH 5.7; gradual boundary. 
Bg—55 to 76cm; brown (10YR 4/3), dark grayish brown (10YR 4/2) silty clay loam; weak 
medium subangular blocky structure; friable; slightly acid pH 6.1; clear boundary. 
BCg—76 to 97cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2), olive brown (2.5Y 
4/4) silt loam; weak medium subangular blocky structure; friable; neutral pH 7.1; abrupt 
boundary. 
Cg—97 to 104cm; grayish brown (2.5Y 5/2) light olive brown (2.5Y 5/4) silt loam; massive 
friable; 7% calcium carbonate; slightly effervescent; slightly alkaline pH 7.7; abrupt 
boundary. 
2Cg—104 to 123+cm; yellowish brown (10YR 5/4), light brownish gray (2.5Y 6/2) loam; 
massive firm; 18% calcium carbonate; strongly effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Primghar 
Core number: 24 
Map Unit Symbol: 9IB 
Location: X = 293314.100, Y = 4756073.096, Z = 444.11 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 4% 
Date: 10-04-05 
Described by: Dan Nath 
Apl—0 to 16cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
common very fine roots; very strongly acid pH 4.7; abrupt boundary. 
Ap2—16 to 32cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; few very fine roots; very strongly acid pH 4.9; clear boundary. 
A—32 to 44cm; dark gray brown (10YR 3/3) silty clay loam; moderate medium subangular 
blocky structure; friable; moderately acid pH 5.5; clear boundary. 
Bw—44 to 62cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; slightly acid pH 6.2; gradual boundary. 
Bg—62 to 79cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2), olive brown (2.5Y 4/4) 
silty clay loam; moderate medium subangular blocky structure; friable; neutral pH 7.0; 
abrupt boundary. 
2BC--79 to 86cm; dark yellowish brown (10YR 4/4), light olive brown (2.5Y 5/3) loam; 
weak medium subangular blocky structure; friable; slightly alkaline pH 7.4; abrupt boundary. 
2Cg—86 to 100+cm; yellowish brown (10YR 5/4), light brownish gray (2.5 Y 6/2) loam; firm; 
massive; 24% calcium carbonate; violently effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Primghar 
Core number: 25 
Map Unit Symbol: 9IB 
Location: X = 293338.046, Y = 4756105.109, Z = 444.70 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 4% 
Date: 10-04-05 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR 2/1) silty clay loam; weak fine granular structure; friable; very 
strongly acid pH 4.8; clear boundary. 
A1--23 to 35cm; black (10YR 2/1) silty clay loam; weak fine subangular blocky structure; 
friable; strongly acid pH 5.1; clear boundary. 
A2--35 to 53cm; very dark grayish brown (10YR 3/2), dark grayish brown (10YR 4/2); 
moderate fine subangular blocky structure; friable; strongly acid pH 5.3; clear boundary. 
Bwl—53 to 67cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; moderately acid pH 5.7; gradual boundary. 
Bw2—67 to 89cm; olive brown (2.5Y 4/3) silt loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.3; clear boundary. 
Bkg — 89 to 109cm; grayish brown (2.5 Y 5/2), dark yellowish brown (10YR 4/4) silt loam; 
weak fine subangular blocky structure; friable; 3% calcium carbonate; very slightly 
effervescent; slightly alkaline pH 7.4; abrupt boundary. 
BCkg—109 to 117cm; grayish brown (2.5Y 5/2), yellowish brown (10YR 5/4) silt loam; 
weak fine subangular blocky structure; friable; 7% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.8; clear boundary. 
Cgl — 117 to 136cm; grayish brown (10YR 5/2), dark yellowish brown (10YR 4/4) silt loam; 
massive; friable; 10% calcium carbonate; slightly effervescent; moderately alkaline pH 8.1; 
gradual boundary. 
Cg2—136 to 151cm; grayish brown (10YR 5/2), dark yellowish brown (10YR 4/4) silty clay 
loam; massive; friable; 11% calcium carbonate; slightly effervescent; moderately alkaline pH 
8.0; abrupt boundary. 
2Cg—151 to 181+cm; yellowish brown (10YR 5/6), grayish brown (2.5 Y 5/2) gravelly silty 
clay loam; massive; firm; 15% gravels; 15% calcium carbonate; strongly effervescent; 
moderately alkaline pH 8.3. 
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Soil Series: Taxajunct Primghar 
Core number: 26 
Map Unit Symbol: 9IB 
Location: X = 293362.272, Y = 4756136.860, Z = 445.70 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 4% 
Date: 09-23-05 
Described by: Dan Nath 
Ap—0 to 25cm; very dark brown (10YR 2/2) silty clay loam; moderate medium granular 
structure; friable; common very fine roots; very strongly acid pH 4.6; abrupt boundary. 
A—25 to 47cm; very dark gray (10YR 3/1) silty clay loam; moderate fine subangular blocky 
structure; friable; few very fine roots; strongly acid pH 5.2; clear boundary. 
Bwl—447 to 68cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; strongly acid pH 5.3; gradual boundary. 
Bw2—68 to 97cm; brown (10YR 4/3) silt loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.9; clear boundary. 
BCg—97 to 111cm; brown (10YR 4/3), grayish brown (2.5 Y 5/2), dark yellowish brown 
(10YR 4/4) silt loam; weak medium subangular blocky structure; friable; neutral pH 6.8; 
abrupt boundary. 
Cg—111 to 129cm; brown (10YR 4/3), grayish brown (2.5Y 5/2), dark yellowish brown 
(10YR 4/4) silt loam; massive; friable; 10% calcium carbonate; slightly effervescent; slightly 
alkaline pH 7.7; clear boundary. 
2Cgl —129 to 153cm; dark yellowish brown (10YR 4/4), grayish brown (2.5Y 5/2) sandy 
loam; massive; friable; 6% calcium carbonate; slightly effervescent; moderately alkaline pH 
7.9; clear boundary. 
2Cg2—153 to 170+cm; yellowish brown (10YR 5/6), light brownish gray (2.5Y 6/2) loam; 
massive; firm; 15% calcium carbonate; strongly effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Sac 
Core number: 27 
Map Unit Symbol: 77B 
Location: X = 293385.732, Y = 4756169.139, Z = 446.43 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Oxyaquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 09-20-05 
Described by: Dan Nath 
Ap—0 to 20cm; very dark gray (10YR 3/1) silty clay loam; moderate medium granular 
structure; friable; common fine roots; extremely acid pH 4.3; abrupt boundary. 
A—20 to 29cm; very dark grayish brown (10YR 3/2) silty clay; moderate medium granular 
structure; friable; common very fine roots; very strongly acid; clear boundary. 
Bwl—29 to 46cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; few very fine roots; very strongly acid pH 5.0; gradual boundary. 
Bw2—46 to 69cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.6; gradual boundary. 
Bw3—69 to 87cm; brown (10YR 4/3), brown (10YR 5/3) silty clay loam; moderate medium 
subangular blocky structure; friable; slightly acid pH 6.2 gradual boundary. 
BC—87 to 105cm; brown (10YR 4/3) brown (10YR 5/3), dark yellowish brown (10YR 4/4) 
silty clay loam; weak coarse subangular blocky structure; friable; neutral pH 7.2; gradual 
boundary. 
2Cgl —105 to 129cm; brown (10YR 5/3), dark grayish brown (2.5Y 4/2), dark brown (10YR 
3/3) silt loam; massive; friable; 7% gravels; 14% calcium carbonate; strongly effervescent; 
moderately alkaline pH 7.9; abrupt boundary. 
2Cg2—129 to 150+cm; yellowish brown (10YR 5/6), grayish brown (2.5 Y 5/2), reddish 
brown (5YR 4/3) loam; massive; firm; 3% gravels; 16% calcium carbonate; strongly 
effervescent; moderately alkaline pH 8.0. 
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Soil Series: Taxajunct Primghar 
Core number: 28 
Map Unit Symbol: 91 
Location: X = 293410.187, Y = 4756201.225, Z = 446.90 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 1% 
Date: 09-15-05 
Described by: Dan Nath 
Ap—0 to 22cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; few very fine roots; extremely acid pH 4.4; clear boundary. 
A—22 to 35cm; very dark grayish brown (10YR 3/2), black (10YR 2/1), brown (10YR 4/3) 
silty clay; moderate very fine subangular blocky structure; friable; few very fine roots; very 
strongly acid pH 4.8; clear boundary. 
AB--35 to 54cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; few very fine roots; strongly acid pH 5.1; gradual boundary. 
Bw—54 to 76cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.6; gradual boundary. 
BCg—76 to 95cm; brown (10YR 4/3), grayish brown (10YR 5/2) silty clay loam; weak 
medium subangular blocky structure; friable; neutral pH 6.6; abrupt boundary. 
Cg—95 to 116cm; brown (10YR 5/3), grayish brown (10YR 5/2) silt loam; massive friable; 
10% calcium carbonate; slightly effervescent; moderately alkaline pH 8.0; abrupt boundary. 
2Cg—116 to 142+cm; yellowish brown (10YR 5/6), light brownish gray (10YR 6/2), loam; 
massive; firm; 26% calcium carbonate; violently effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Ransom 
Core number: 29 
Map Unit Symbol: 282B 
Location: X = 293291.493, Y = 4755990.807, Z = 443.22 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 09-12-05 
Described by: Dan Nath 
Ap—0 to 20cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
few very fine roots; very strongly acid pH 4.7; abrupt boundary. 
A—20 to 35cm; very dark grayish brown (10YR 3/2) silty clay loam; moderate medium 
subangular blocky structure; friable; strongly acid pH 5.1; clear boundary. 
AB--35 to 57cm; dark brown (10YR 3/3) silty clay loam; moderate medium subangular 
blocky structure; friable; strongly acid pH 5.5; gradual boundary. 
Bg—57 to 73cm; brown (10YR 4/3), dark grayish brown (2.5Y 4/2), dark yellowish brown 
(10YR 4/4) silty clay loam; moderate medium subangular blocky structure; friable; 
moderately acid pH 6.0; clear boundary. 
2BCg—73 to 83cm; dark grayish brown (2.5Y 4/2), dark gray (2.5Y 4/1), dark yellowish 
brown (10YR 4/4) clay loam; weak fine subangular blocky structure; friable; neutral pH 6.6; 
abrupt boundary. 
2Cgl—83 to 95cm; yellowish brown (10YR 5/4), grayish brown (2.5Y 5/2) loam; massive; 
friable; 6% gravels; 12% calcium carbonate; strongly effervescent; moderately alkaline pH 
8.0; gradual boundary. 
2Cg2—95 to 117+cm; yellowish brown (10YR 5/4), light brownish gray (2.5Y 6/2) loam; 
massive; friable; 4% gravels; 20% calcium carbonate; strongly effervescent; moderately 
alkaline pH 8.0. 
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Soil Series: Taxajunct Primghar 
Core number: 30 
Map Unit Symbol: 9IB 
Location: X = 293314.735, Y = 4756022.589, Z = 444.37 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 09-10-05 
Described by: Dan Nath 
Apl—0 to 18cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
few very fine roots; extremely acid pH 4.4; clear boundary. 
Ap2—18 to 29cm; very dark grayish brown (10YR 3/2), black (10YR 2/1), brown (10YR 4/3) 
silty clay loam; moderate fine granular structure; friable; very strongly acid pH 4.7; clear 
boundary. 
A—29 to 41cm; dark grayish brown (10YR 3/3) silty clay loam; moderate medium 
subangular blocky structure; friable; moderately acid pH 5.7; clear boundary. 
Bwl—41 to 60cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; moderately acid pH 5.6; gradual boundary. 
Bw2—60 to 80cm; brown (10YR 4/3), brown (10YR 5/3) silty clay loam; moderate medium 
subangular blocky structure; friable; moderately acid pH 5.7; gradual boundary. 
BCg—80 to 98cm; light olive brown (2.5 Y 5/3), grayish brown (2.5 Y 5/2) silty clay loam; 
weak fine subangular blocky structure; friable; neutral pH 6.6; abrupt boundary. 
2Cg—98 to 107cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2) gravelly loam; 
massive; friable; 16% gravels; 12% calcium carbonate; strongly effervescent; slightly 
alkaline pH 7.7; clear boundary. 
2C—107 to 121cm; yellowish brown (10YR 5/4), light yellowish brown (2.5Y 6/3) loam; 
massive; firm; 5% gravels; 13% calcium carbonate; strongly effervescent; moderately 
alkaline pH 8.0; gradual boundary. 
2Cg'~121 to 134+cm; yellowish brown (10YR 5/4), light brownish gray (2.5Y 6/2) loam; 
massive; firm; 6% gravels; 24% calcium carbonate; violently effervescent; moderately 
alkaline pH 8.0. 
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Soil Series: Taxajunct Primghar 
Core number: 31 
Map Unit Symbol: 9IB 
Location: X = 293338.892, Y = 4756054.978, Z = 445.17 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 09-10-05 
Described by: Dan Nath 
Ap—0 to 20cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; few very fine roots; very strongly acid pH 4.6; abrupt boundary. 
A—20 to 31cm; very dark grayish brown (10YR 3/2), black (10YR 2/1), dark brown (10YR 
3/3) silty clay; moderate fine granular structure; friable; few very fine roots; strongly acid pH 
5.4; clear boundary. 
Bwl—31 to 44cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.1; clear boundary. 
Bw2—44 to 71cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.5; gradual boundary. 
BCg—71 to 93cm; brown (10YR 4/3), dark grayish brown (2.5Y 4/2), dark yellowish brown 
(10YR 4/4) silty clay loam; weak fine subangular blocky structure; friable; neutral pH 7.1; 
abrupt boundary. 
2C1—93 to 105cm; olive brown (2.5Y 4/3), yellowish brown (10YR 5/4) loam; massive; 
friable; 8% gravels; 13% calcium carbonate; strongly effervescent; moderately alkaline pH 
8.0; abrupt boundary. 
2C2—105 to 112cm; yellowish brown (10YR 5/4) sandy loam; massive; friable; 5% gravels; 
16% calcium carbonate; strongly effervescent; moderately alkaline pH 8.0; clear boundary. 
2C3—112 to 140+cm; light olive brown (2.5Y 5/4) loam; massive; firm; 6% gravels; 21% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.2. 
86 
Soil Series: Taxajunct Primghar 
Core number: 32 
Map Unit Symbol: 9IB 
Location: X = 293362.460, Y = 4756087.159, Z = 445.63 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 09-10-05 
Described by: Dan Nath 
Ap—0 to 20cm; very dark gray (10YR 3/1) silty clay loam; weak fine subangular blocky 
structure; friable; few fine roots; very strongly acid pH 6.3; abrupt boundary. 
A—20 to 34cm; very dark grayish brown (10YR 3/2), very dark gray (10YR 3/1), dark brown 
(10YR 3/3) silty clay loam; moderate fine subangular blocky structure; friable; few fine 
roots; very strongly acid pH 5.0; clear boundary. 
BA--34 to 59cm; dark brown (10YR 3/3) silty clay loam; moderate fine subangular blocky 
structure; friable; strongly acid pH 5.4; gradual boundary. 
Bw—59 to 81cm; brown (10YR 4/3) silty clay loam; weak medium subangular blocky 
structure; friable; moderately acid pH 6.0; gradual boundary. 
Bg—81 to 98cm; brown (10YR 4/3), dark grayish brown (10YR 4/2) silty clay loam; weak 
medium subangular blocky structure; friable; neutral pH 6.9; clear boundary. 
BCkg—98 to 113cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2) silt loam; weak 
medium subangular blocky structure; friable; 1% calcium carbonate; very slightly 
effervescent; slightly alkaline pH 7.5; clear boundary. 
2Cgl —113 to 127cm; brown (10YR 5/3), yellowish brown (10YR 5/6), light brownish gray 
(2.5Y 6/2) loam; massive; friable; 7% gravels; 20% calcium carbonate; strongly effervescent; 
moderately alkaline pH 8.1; gradual boundary 
2Cg2—127 to 149+cm; yellowish brown (10YR 5/4), light brownish gray (2.5Y 6/2), dark 
yellowish brown (10YR 4/6) loam; massive; firm; 3% gravels; 22% calcium carbonate; 
violently effervescent; moderately alkaline pH 8.3. 
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Soil Series: Taxajunct Primghar 
Core number: 33 
Map Unit Symbol: 9IB 
Location: X = 293386.168, Y = 4756118.752, Z = 446.44 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 4% 
Date: 09-06-05 
Described by: Dan Nath 
Apl—0 to 18cm; very dark gray (10YR 3/1) silty clay loam; weak very fine subangular 
blocky structure; friable; few very fine roots; very strongly acid pH 4.9; clear boundary. 
Ap2—18 to 33cm; very dark grayish brown (10YR 3/2) silty clay loam; weak fine granular 
structure; friable; few very fine roots; moderately acid pH 5.7; clear boundary. 
Bwl—33 to 53cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 6.0; gradual boundary. 
Bw2—53 to 74cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; slightly acid pH 6.2; gradual boundary. 
Bg—74 to 97cm; brown (10YR 5/3), grayish brown (10YR 5/2), dark yellowish brown 
(10YR 4/4) silt loam; moderate medium subangular blocky structure; friable; neutral pH 7.2; 
abrupt boundary. 
BCkg—97 to 114cm; grayish brown (10YR 5/2), brown (10YR 4/3) silt loam; weak medium 
subangular blocky structure; friable; 6% calcium carbonate; slightly effervescent; slightly 
alkaline pH 7.7; abrupt boundary. 
2C--114 to 133cm; yellowish brown (10YR 5/6) loam; massive; firm; 25% calcium 
carbonate; violently effervescent; moderately alkaline pH 8.1; gradual boundary. 
2Cg—133 to 153+cm; dark yellowish brown (10YR 4/6), grayish brown (10YR 5/2) loam; 
massive; firm; 16% calcium carbonate; strongly effervescent; moderately alkaline pH 8.2. 
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Soil Series: Taxajunct Primghar 
Core number: 34 
Map Unit Symbol: 91 
Location: X = 293410.328, Y = 4756151.075, Z = 447.09 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 2% 
Date: 09-05-06 
Described by: Dan Nath 
Ap—0 to 25cm; very dark gray (10YR 3/1) silty clay loam; weak very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 5.0; abrupt boundary. 
AB--25 to 40cm; dark brown (10YR 2/2), very dark grayish brown (10YR 3/2), brown 
(10YR 4/3) silty clay loam; moderate fine subangular blocky structure; friable; common very 
fine roots; moderately acid pH 5.7; clear boundary. 
Bwl—40 to 61cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; slightly acid pH 6.1; clear boundary. 
Bw2—61 to 83cm; dark yellowish brown (10YR 4/4) silty clay loam; moderate medium 
subangular blocky structure; friable; neutral pH 6.7; gradual boundary. 
BCg—83 to 100cm; brown (10YR 5/3), grayish brown (10YR 5/2), dark yellowish brown 
(10YR 4/4) silt loam; weak coarse subangular blocky structure; friable; neutral pH 7.3; 
abrupt boundary. 
2C1 —100 to 108cm; yellowish brown (10YR 5/6) loam; massive; friable; 11% calcium 
carbonate; slightly effervescent; slightly alkaline pH 7.7; clear boundary. 
2C2—108 to 120+cm; yellowish brown (10YR 5/6) sandy loam; massive; very friable; 11% 
calcium carbonate; slightly effervescent; slightly alkaline pH 7.8. 
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Soil Series: Taxajunct Primghar 
Core number: 35 
Map Unit Symbol: 91 
Location: X = 293433.865, Y = 4756183.594, Z = 447.18 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: summit 
Slope: 1% 
Date: 09-04-06 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR 2/1) silty clay loam; weak very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.7; clear boundary. 
A—23 to 42cm; very dark grayish brown (10YR 3/2) moderate very fine subangular blocky 
structure; friable; common very fine roots; moderately acid pH 5.6; clear boundary. 
Bw—42 to 71cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.9; gradual boundary. 
Bg—71 to 100cm; dark grayish brown (10YR 4/2), dark gray (10YR 4/1), brown (10YR 4/3) 
silt loam; moderate medium subangular blocky structure; friable; slightly alkaline pH 7.5; 
abrupt boundary. 
BCkg—100 to 119cm; dark grayish brown (2.5 Y 4/2), dark gray (2.5 Y 4/1) silt loam; weak 
medium subangular blocky structure; friable; 12% calcium carbonate; strongly effervescent; 
slightly alkaline pH 7.8; abrupt boundary. 
2Cg—119 to 131+cm; yellowish brown (10YR 5/4), dark yellowish brown (10YR 4/4), 
grayish brown (10YR 5/2) loam; massive; firm; 18% calcium carbonate; strongly 
effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Primghar 
Core number: 36 
Map Unit Symbol: 9IB 
Location: X = 293315.335, Y = 4755972.843, Z = 443.47 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 09-04-06 
Described by: Dan Nath 
Ap—0 to 22cm; black (10YR 2/1) silty clay loam; weak very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.9; abrupt boundary. 
A—22 to 39cm; very dark grayish brown (10YR 3/2), black (10YR 2/1) moderate very fine 
subangular blocky structure; friable; few very fine roots; moderately acid pH 5.6; clear 
boundary. 
Bwl—39 to 59cm; dark yellowish brown (10YR 4/4) silty clay loam; moderate medium 
subangular blocky structure; friable; moderately acid pH 6.0; clear boundary. 
Bw2—59 to 80cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; slightly acid pH 6.5; clear boundary. 
Bg—80 to 97cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2), olive brown (2.5Y 
4/4) silt loam; moderate medium subangular blocky structure; friable; neutral pH 7.2; abrupt 
boundary. 
2C1—97 to 129cm; yellowish brown (10YR 5/4) loam; massive; firm; 9% calcium carbonate; 
slightly effervescent; moderately alkaline Ph 8.2; clear boundary. 
2C2—129 to 149+cm; yellowish brown (10YR 5/4) loam; massive; firm; 18% calcium 
carbonate; strongly effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Primghar 
Core number: 37 
Map Unit Symbol: 9IB 
Location: X = 293339.176, Y = 4756005.160, Z = 444.78 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 07-11-05 
Described by: Dan Nath 
Apl—0 to 18cm; black (10YR 2/1) silty clay loam; weak very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.9; clear boundary. 
Ap2—18 to 30cm; very dark grayish brown (10YR 3/2), black (10YR 2/1) silty clay loam; 
weak very fine subangular blocky structure; friable; common very fine roots; strongly acid 
pH 5.5; clear boundary. 
BA--30 to 56cm; dark yellowish brown (10YR 4/4) silty clay loam; moderate medium 
subangular blocky structure; friable; few very fine roots; moderately acid pH 5.9; clear 
boundary. 
Bw—56 to 76cm; olive brown (2.5Y 4/4) silty clay loam; moderate medium subangular 
blocky structure; friable; neutral pH 6.7; clear boundary. 
Bg—76 to 92cm; olive brown (2.5 Y 4/3), dark grayish brown (2.5 Y 4/2) silt loam; moderate 
medium subangular blocky structure; slightly alkaline pH 7.4; abrupt boundary. 
2BCkg—92 to 97cm; light olive brown (2.5Y 5/4), grayish brown (2.5Y 5/2) silt loam; weak 
medium subangular blocky structure; firm; 20% calcium carbonate; slightly alkaline pH 7.7; 
abrupt boundary. 
2Cg—97 to 144cm; yellowish brown (10YR 5/6), grayish brown (10YR 5/2) loam; massive; 
firm; 23% calcium carbonate; violently effervescent; moderately alkaline pH 8.2; gradual 
boundary. 
2C—144 to 174cm; yellowish brown (10YR 5/4) loam; massive; firm; 25% calcium 
carbonate; violently effervescent; moderately alkaline pH 8.3; clear boundary. 
2Cg'~174 to 214cm; yellowish brown (10YR 5/4), grayish brown (10YR 5/2) loam; 
massive; firm; 27% calcium carbonate; violently effervescent; moderately alkaline pH 8.3. 
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Soil Series: Taxajunct Primghar 
Core number: 38 
Map Unit Symbol: 91 
Location: X = 293363.060, Y = 4756037.343, Z = 445.83 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 2% 
Date: 09-02-05 
Described by: Dan Nath 
Ap—0 to 25cm; very dark brown (10YR 2/2) silty clay loam; weak fine subangular blocky 
structure; friable; few very fine roots; very strongly acid pH 4.7; clear boundary. 
A—25 to 38cm; very dark grayish brown (10YR 3/2) silty clay loam; moderate fine granular 
structure; friable; strongly acid pH 5.2; clear boundary. 
Bwl—38 to 54cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; moderately acid pH 5.6; gradual boundary. 
Bw2—54 to 78cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.9; gradual boundary. 
Bkg—78 to 100cm; dark grayish brown (10YR 4/2) silt loam; moderate medium subangular 
blocky structure; friable; 1% calcium carbonate; very slightly effervescent; neutral pH 7.1; 
abrupt boundary. 
2Cgl —100 to 123cm; yellowish brown (10YR 5/6), grayish brown (10YR 5/2), dark 
yellowish brown (10YR 4/4) loam; massive; friable; 17% calcium carbonate; strongly 
effervescent; moderately alkaline pH 8.4; gradual boundary. 
2Cg2—123 to 135+cm; yellowish brown (10YR 5/4), grayish brown (10YR 5/2) loam; 
massive; friable; 26% calcium carbonate; violently effervescent; moderately alkaline pH 8.3. 
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Soil Series: Taxajunct Primghar 
Core number: 39 
Map Unit Symbol: 9IB 
Location: X = 293386.361, Y = 4756069.004, Z = 446.44 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 08-30-05 
Described by: Dan Nath 
Apl—0 to 16cm; very dark brown (10YR 2/2) silty clay loam; weak fine granular structure; 
friable; strongly acid pH 5.1; clear boundary. 
Ap2—16 to 25cm; very dark grayish brown (10YR 3/2) silty clay loam; weak fine subangular 
blocky structure; friable; strongly acid pH 5.3; abrupt boundary. 
BA--25 to 44cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.6; gradual boundary. 
Bw—44 to 63cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; slightly acid pH 6.1; gradual boundary. 
Bg—63 to 78cm; olive brown (2.5 Y 4/3), dark grayish brown (10YR 4/2) silty clay loam; 
moderate medium subangular blocky structure; friable; 2% manganese oxide accumulation; 
neutral pH 6.7; clear boundary. 
BCg—78 to 100cm; brown (10YR 5/3), grayish brown (10YR 5/2), dark yellowish brown 
(10YR 4/4) silt loam; weak medium subangular blocky structure; friable; neutral pH 7.3; 
abrupt boundary. 
2Cg—100 to 118+cm; yellowish brown (10YR 5/6), grayish brown (10YR 5/2) loam; 
massive; friable; 4% gravels; 15% calcium carbonate; strongly effervescent; slightly alkaline 
pH 7.8. 
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Soil Series: Galva 
Core number: 40 
Map Unit Symbol: 310 
Location: X = 293410.738, Y = 4756101.633, Z = 447.24 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Typic Hapludoll 
Geomorphic setting: shoulder 
Slope: 2% 
Date: 08-30-05 
Described by: Dan Nath 
Ap—0 to 23cm; black (10YR 2/1) silty clay loam; weak very fine subangular blocky 
structure; friable; few very fine roots; very strongly acid pH 4.6; clear boundary. 
A—23 to 34cm; very dark grayish brown (10YR 3/2) silty clay loam; weak very fine 
subangular blocky structure; friable; strongly acid pH 5.1; clear boundary. 
Bwl—34 to 53cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; strongly acid pH 5.3; clear boundary. 
Bw2—53 to 83cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; strongly acid pH 5.5; gradual boundary. 
Bw3—83 to 101cm; olive brown (2.5Y 4/3) silt loam; moderate coarse subangular blocky 
structure; friable; neutral pH 6.9; abrupt boundary. 
2BCk—101 to 116cm; yellowish brown (10YR 5/4) loam; weak medium subangular blocky 
structure; firm; 17% calcium carbonate; strongly effervescent; slightly alkaline pH 7.8; clear 
boundary. 
2C--116 to 127+cm; yellowish brown (10YR 5/6) sandy clay loam; massive; firm; 12% 
calcium carbonate; strongly effervescent; slightly alkaline pH 7.8. 
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Soil Series: Taxajunct Primghar 
Core number: 41 
Map Unit Symbol: 91 
Location: X = 293435.049, Y = 4756134.141, Z = 447.49 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: summit 
Slope: 1% 
Date: 08-30-05 
Described by: Dan Nath 
Ap—0 to 31cm; very dark brown (10YR 2/2) silty clay loam; moderate fine granular 
structure; friable; few very fine roots; very strongly acid pH 4.8; clear boundary. 
BA--31 to 39cm; brown (10YR 4/3) silty clay loam; weak fine subangular blocky structure; 
friable; few very fine roots; moderately acid pH 5.8; clear boundary. 
Bwl—39 to 60cm; dark brown (10YR 3/3) silty clay loam; moderate fine subangular blocky 
structure; friable; moderately acid pH 5.9; gradual boundary. 
Bw2—60 to 86cm; brown (10YR 4/3), dark yellowish brown (10YR 4/4) silt loam; moderate 
medium subangular blocky structure; friable; slightly acid pH 6.4; gradual boundary. 
Bg—86 to 98cm; brown (10YR 4/3), dark grayish brown (10YR 4/2) silt loam; moderate 
medium subangular blocky structure; friable; 5% manganese oxide accumulation; neutral pH 
6.9; abrupt boundary. 
2BCkg—98 to 116cm; dark grayish brown (10YR 4/2), brown (10YR 4/3) loam; weak 
medium subangular blocky structure; friable; 7% gravels; 13% calcium carbonate; strongly 
effervescent; slightly alkaline pH 7.8; clear boundary. 
2C—116 to 133+cm; yellowish brown (10YR 5/4) loam; massive; firm; 6% gravels; 15% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.1. 
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Soil Series: Taxajunct Primghar 
Core number: 42 
Map Unit Symbol: 91 
Location: X = 293459.035, Y = 4756165.155, Z = 447.26 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 1% 
Date: 08-29-05 
Described by: Dan Nath 
Ap—0 to 24cm; black (10YR 2/1) silty clay loam; moderate fine granular structure; friable; 
common very fine roots; very strongly acid pH 4.9; clear boundary. 
A—24 to 41cm; very dark gray (10YR 3/1) silty clay loam; moderate fine subangular blocky 
structure; friable; common very fine roots; moderately acid pH 5.7; gradual boundary. 
AB--41 to 58cm; dark brown (10YR 3/3) silty clay loam; moderate medium subangular 
blocky structure; friable; few very fine roots; strongly acid pH 5.5; gradual boundary. 
Bw—58 to 81cm; brown (10YR 4/3) silty clay loam; weak fine subangular blocky structure; 
friable; slightly acid pH 6.2; gradual boundary. 
Bg—81 to 99cm; brown (10YR 4/3), grayish brown (10YR 5/2), dark yellowish brown 
(10YR 4/4) silty clay loam; friable; 2% manganese oxide accumulation; neutral pH 6.9; 
abrupt boundary. 
2BCkg—99 to 109cm; dark grayish brown (2.5Y 4/2), yellowish brown (10YR 5/6), gray 
(10YR 6/1) gravelly silt loam; weak medium subangular blocky structure; friable; 26% 
gravels; 18% calcium carbonate; strongly effervescent; moderately alkaline pH 8.0; abrupt 
boundary. 
2C—109 to 118+cm; yellowish brown (10YR 5/6) loam; massive; firm; 5% gravels; 20% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.3. 
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Soil Series: Taxajunct Marcus 
Core number: 43 
Map Unit Symbol: 92B 
Location: X = 293340.301, Y = 4755955.288, Z = 443.75 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Typic Endoaquoll 
Geomorphic setting: backslope 
Slope: 4% 
Date: 08-08-05 
Described by: Dan Nath 
Ap—0 to 21cm; black (10YR 2/1) silty clay loam; weak very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.5; abrupt boundary. 
A1--21 to 40cm; black (10YR 2/1) silty clay loam; moderate medium granular structure; 
friable; very strongly acid pH 5.0; clear boundary. 
A2--40 to 51cm; very dark grayish brown (10YR 3/2) silty clay; moderate very fine 
subangular blocky structure; friable; strongly acid pH 5.3; clear boundary. 
Bgl—51 to 63cm; dark grayish brown (10YR 4/2) silty clay loam; moderate fine subangular 
blocky structure; friable; moderately acid pH 5.6; clear boundary. 
Bg2—63 to 81cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2) moderate fine 
subangular blocky structure; friable; 6% manganese oxide accumulation; moderately acid pH 
6.0; gradual boundary. 
Bg3—81 to 108cm; light olive brown (2.5Y 5/3), grayish brown (2.5Y 5/2), olive brown 
(2.5Y 4/3) moderate medium subangular blocky structure; friable; slightly acid pH 6.5; 
gradual boundary. 
Bkg 1 — 108 to 122cm; grayish brown (2.5Y 5/2) silt loam; moderate medium subangular 
blocky structure; friable; 2% calcium carbonate; very slightly effervescent; neutral pH 7.1; 
abrupt boundary. 
Bkg2—122 to 129cm; grayish brown (2.5Y 5/2), gray (2.5Y 6/1), olive brown (2.5Y 4/4) silt 
loam; weak medium subangular blocky structure; friable; 9% calcium carbonate; slightly 
effervescent; slightly alkaline pH 7.5; clear boundary. 
BCkg—129 to 137cm; olive brown (2.5Y 4/3), grayish brown (2.5Y 5/2) silt loam; weak 
medium subangular blocky structure; friable; 10% calcium carbonate; slightly effervescent; 
slightly alkaline pH 7.8; abrupt boundary. 
2Cg—137 to 143+cm; light olive brown (2.5Y 5/4), light brownish gray (2.5Y 6/2) loam; 
massive; friable; 8% gravels; 13% calcium carbonate; strongly effervescent; slightly alkaline 
pH 7.6. 
98 
Soil Series: Primghar 
Core number: 44 
Map Unit Symbol: 9IB 
Location: X = 293363.086, Y = 4755986.555, Z = 444.86 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 07-12-05 
Described by: Dan Nath 
Ap—0 to 20cm; black (10YR 2/1) silty clay loam; moderate very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.6; abrupt boundary. 
A—20 to 39cm; very dark grayish brown (10YR 3/2), brown (10YR 4/3), black (10YR 2/1) 
silty clay loam; moderate very fine subangular blocky structure; friable; common very fine 
roots; very strongly acid pH 5.0; clear boundary. 
Bw—39 to 56cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; strongly acid pH 5.5; clear boundary. 
Bgl—56 to 85cm; brown (10YR 4/3), dark grayish brown (2.5Y 4/2) silty clay loam; 
moderate coarse subangular blocky structure; friable; moderately acid pH 5.9; gradual 
boundary. 
Bg2—85 to 112cm; dark grayish brown (2.5Y 4/2), grayish brown (2.5Y 5/2) silt loam; 
moderate medium subangular blocky structure; friable; slightly alkaline pH 7.4; abrupt 
boundary. 
BCkg—112 to 149+cm; grayish brown (2.5 Y 5/2) silt loam; weak medium subangular blocky 
structure; friable; 10% calcium carbonate; slightly effervescent; slightly alkaline pH 7.8. 
99 
Soil Series: Taxajunct Primghar 
Core number: 45 
Map Unit Symbol: 9IB 
Location: X = 293386.998, Y = 4756018.391, Z = 446.21 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: backslope 
Slope: 3% 
Date: 07-12-05 
Described by: Dan Nath 
Ap—0 to 21cm; black (10YR 2/1) silty clay loam; weak fine subangular blocky structure; 
friable; common very fine roots; very strongly acid pH 4.8; clear boundary. 
A—21 to 34cm; very dark grayish brown (10YR 3/2) moderate fine subangular blocky 
structure; friable; common very fine roots; moderately acid pH 6.0; clear boundary. 
Bw—34 to 70cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; moderately acid pH 5.8; clear boundary. 
Bg—70 to 106cm; olive brown (2.5 Y 4/3), dark grayish brown (2.5 Y 4/2) silt loam; moderate 
medium subangular blocky structure; friable; slightly alkaline pH 7.6; abrupt boundary. 
2Cgl —106 to 131cm; yellowish brown (10YR 5/4), grayish brown (10YR 5/2) loam; 
massive; firm; 17% calcium carbonate; strongly effervescent; slightly alkaline pH 7.8; clear 
boundary. 
2Cg2—131 to 162cm; light olive brown (2.5Y 5/6), grayish brown (10YR 5/2) loam; 
massive; firm; 22% calcium carbonate; violently effervescent; moderately alkaline pH 7.9; 
gradual boundary. 
2Cg3—162 to 202+cm; light olive brown (2.5Y 5/6), grayish brown (10YR 5/2) loam; 
massive; firm; 19% calcium carbonate; strongly effervescent; moderately alkaline pH 7.9. 
100 
Soil Series: Taxajunct Primghar 
Core number: 46 
Map Unit Symbol: 91 
Location: X = 293410.290, Y = 4756051.093, Z = 447.06 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 1% 
Date: 08-08-05 
Described by: Dan Nath 
Ap—0 to 25cm; very dark gray (10YR 3/1) silty clay loam; weak very fine subangular blocky 
structure; friable; common very fine roots; very strongly acid pH 4.9; abrupt boundary. 
A—25 to 47cm; very dark grayish brown (10YR 3/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; common very fine roots; strongly acid pH 5.4; clear 
boundary. 
Bwl—47 to 63cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; 1% manganese oxide accumulation; few very fine roots; moderately acid 
pH 5.9; clear boundary. 
Bw2—63 to 79cm; olive brown (2.5Y 4/4) silty clay loam; moderate medium subangular 
blocky structure; friable; slightly acid pH 6.3; clear boundary. 
Bg—79 to 101cm; olive brown (2.5Y 4/3), dark grayish brown (2.5Y 4/2) moderate medium 
subangular blocky structure; neutral pH 6.8; abrupt boundary. 
2Bk—101 to 110cm; olive brown (2.5 Y 4/3) loam; moderate medium subangular blocky 
structure; firm; 6% calcium carbonate; slightly effervescent; moderately alkaline pH 7.9; 
abrupt boundary. 
2C—110 to 119+cm; yellowish brown (10YR 5/6) sandy loam; massive; firm; 13% calcium 
carbonate; strongly effervescent; moderately alkaline pH 8.0. 
101 
Soil Series: Taxajunct Primghar 
Core number: 47 
Map Unit Symbol: 91 
Location: X = 293434.091, Y = 4756082.951, Z = 447.48 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: summit 
Slope: 2% 
Date: 07-08-05 
Described by: Dan Nath 
Ap—0 to 24cm; black (10YR 2/1) silty clay; weak very fine subangular blocky structure; 
friable; few very fine roots; very strongly acid pH 4.8; clear boundary. 
A—24 to 38cm; very dark gray (10YR 3/1) silty clay loam; moderate fine subangular blocky 
structure; friable; few very fine roots; strongly acid pH 5.5; clear boundary. 
Bwl—38 to 59cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; few very fine roots; moderately acid pH 5.8; clear boundary. 
Bw2—59 to 91cm; olive brown (2.5Y 4/3) silty clay loam; moderate medium subangular 
blocky structure; friable; neutral pH 7.0; abrupt boundary. 
2Cg—91 to 120cm; yellowish brown (10YR 5/6), grayish brown (2.5Y 5/2) silt loam; 
massive; friable; 21% calcium carbonate; strongly effervescent; moderately alkaline pH 8.2; 
abrupt boundary. 
2C—120 to 152+cm; yellowish brown (10YR 5/6) loam; massive; friable; 21% calcium 
carbonate; strongly effervescent; moderately alkaline pH 8.3. 
102 
Soil Series: Taxajunct Sac 
Core number: 48 
Map Unit Symbol: 77 
Location: X = 293457.936, Y = 4756005.265, Z = 447.51 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, me sic Oxyaquic Hapludoll 
Geomorphic setting: summit 
Slope: 1% 
Date: 07-08-05 
Described by: Dan Nath 
Apl—0 to 15cm; black (10YR 2/1) silty clay; weak very fine subangular blocky structure; 
friable; common very fine roots; strongly acid pH 5.2; clear boundary. 
Ap2—15 to 36cm; black (10YR 2/1) silty clay loam; weak very fine subangular blocky 
structure; friable; few very fine roots; strongly acid pH 5.1; clear boundary. 
A—36 to 52cm; dark grayish brown (10YR 4/2) silty clay loam; moderate very fine 
subangular blocky structure; friable; few very fine roots; moderately acid pH 5.8; clear 
boundary. 
Bwl—52 to 71cm; brown (10YR 4/3) silty clay loam; moderate fine subangular blocky 
structure; friable; slightly acid pH 6.1; clear boundary. 
Bw2—71 to 111cm; olive brown (2.5Y 4/3) silt loam; moderate medium subangular blocky 
structure; friable; neutral pH 6.9; abrupt boundary. 
2Cgl —111 to 138cm; yellowish brown (10YR 5/6), grayish brown (10YR 5/2) loam; 
massive; 19% calcium carbonate; strongly effervescent; moderately alkaline pH 8.3; gradual 
boundary. 
2Cg2—138 to 187cm; yellowish brown, grayish brown (2.5Y 5/2) loam; massive 19% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.4; gradual boundary. 
2Cg3—187 to 207+cm; yellowish brown (10YR 5/6), grayish brown (10YR 5/2) loam; 14% 
calcium carbonate; strongly effervescent; moderately alkaline pH 8.4. 
103 
Soil Series: Taxajunct Primghar 
Core number: 49 
Map Unit Symbol: 91 
Location: X = 293482.200, Y = 4756147.410, Z = 447.12 (NAD 83, UTM 15N, meters) 
Classification: Fine-silty, mixed, superactive, mesic Aquic Hapludoll 
Geomorphic setting: shoulder 
Slope: 1% 
Date: 07-25-05 
Described by: Dan Nath 
Ap—0 to 24cm; black (10YR 2/1) silty clay loam; weak fine granular structure; friable; 
common very fine roots; very strongly acid pH 5.0; clear boundary. 
A—24 to 51cm; black (10YR 2/1), very dark gray (10YR 3/1), dark brown (10YR 3/3) silty 
clay loam; weak very fine subangular blocky structure; friable; few very fine roots; 
moderately acid pH 5.7; clear boundary. 
Bw—51 to 76cm; brown (10YR 4/3) silty clay loam; moderate medium subangular blocky 
structure; friable; slightly acid pH 6.1; clear boundary. 
BCg—76 to 97cm; light olive brown (2.5 Y 5/3), grayish brown (2.5 Y 5/2) silty clay loam; 
weak medium subangular blocky structure; friable; neutral pH 6.9; abrupt boundary. 
Cg—97 to 112cm; grayish brown (2.5Y 5/2), gray (2.5Y 5/1), light olive brown (2.5Y 5/3) silt 
loam; massive; friable; 6% calcium carbonate; slightly effervescent; moderately alkaline pH 
8.0; abrupt boundary. 
2C--112 to 127+cm; yellowish brown (10YR 5/6) silt loam; massive; firm; 21% calcium 




Lab Number Horizon Upper depth (cm) Lower Depth (cm) R, (g/cm3) Sand % Co-silt % 
DN1-1 Ap 0 18 1.4 1.8 30.0 
DN1-2 A 18 39 1.3 1.9 26.5 
DN1-3 ABg 39 54 1.5 1.7 26.3 
DN1-4 Bg 54 77 1.7 2.0 31.8 
DN1-5 Bkg 77 102 1.7 4.0 38.9 
DN1-6 BCkg 102 125 1.8 4.4 43.2 
DN1-7 Cg1 125 151 1.6 4.3 42.5 
DN1-8 Cg2 151 181 1.6 7.0 41.7 
DN1-9 2C 181 187 1.8 48.6 18.3 
DN2-1 Ap 0 17 1.0 2.5 28.5 
DN2-2 A 17 38 1.4 1.8 22.5 
DN2-3 AB 38 59 1.4 1.5 23.1 
DN2-4 Bg 59 76 1.5 1.3 25.2 
DN2-5 Bw 76 97 1.5 2.0 29.9 
DN2-6 Bk 97 120 1.5 3.7 39.8 
DN2-7 Cg1 120 166 1.3 3.9 40.7 
DN2-8 Cg2 166 203 1.7 4.2 44.3 
DN2-9 Cg3 203 236 1.6 5.9 43.3 
DN2-10 2C 236 249 2.1 26.4 22.4 
DN3-1 Ap 0 23 1.2 1.8 28.1 
DN3-2 A 23 35 1.3 1.7 23.1 
DN3-3 AB 35 54 1.3 1.6 23.3 
DN3-4 Bg1 54 75 1.4 1.6 27.2 
DN3-5 Bg2 75 101 1.4 2.8 34.3 
DN3-6 Bkg 101 128 1.6 5.4 39.8 
DN3-7 BCkg 128 149 1.6 4.7 39.2 
DN3-8 Cg 149 165 1.5 7.0 39.1 
DN3-9 2C 165 175 1.9 33.3 16.6 
DN4-1 Ap 0 20 1.3 2.7 29.4 
DN4-2 A 20 36 1.3 1.9 23.2 
Fi-silt % Clay% PH Total C % CaC03 ec]. j Inorganic C % Organic C % 
30.4 37.8 5.5 5.33 0.00 0.00 2.91 
31.7 39.9 6.3 0.96 0.00 0.00 0.96 
34.1 37.8 6.8 0.56 0.00 0.00 0.56 
33.4 32.8 7.3 1.43 0.55 0.07 1.36 
33.4 23.7 7.6 1.36 8.65 1.04 0.32 
32.5 19.9 7.7 1.29 8.59 1.03 0.26 
32.7 20.5 7.7 1.27 9.16 1.10 0.17 
32.6 18.7 7.9 1.27 8.88 1.07 0.20 
16.7 16.4 7.6 3.33 12.29 1.47 1.86 
32.2 36.8 6.5 2.66 0.00 0.00 3.23 
36.5 39.2 6.5 1.01 0.00 0.00 1.01 
34.1 41.3 6.7 0.54 0.00 0.00 0.54 
35.9 37.6 7.0 0.56 0.00 0.00 0.56 
36.5 31.7 7.3 1.39 1.22 0.15 1.24 
33.7 22.8 7.8 1.43 9.14 1.10 0.33 
33.7 21.8 7.2 1.36 8.57 1.03 0.33 
30.6 20.9 7.4 1.47 8.96 1.07 0.40 
30.1 20.6 7.3 2.75 10.20 1.22 1.53 
27.9 23.3 7.5 2.87 10.00 1.20 1.67 
32.7 37.4 5.9 1.78 0.00 0.00 2.72 
32.5 42.8 6.2 0.90 0.00 0.00 0.90 
32.9 42.2 6.5 0.54 0.00 0.00 0.54 
33.9 37.2 6.9 0.52 0.00 0.00 0.52 
32.0 30.9 7.0 1.46 1.47 0.18 1.28 
32.0 22.8 7.4 1.47 9.64 1.16 0.31 
30.0 26.2 7.5 1.19 8.79 1.05 0.14 
31.9 21.9 7.5 1.39 10.17 1.22 0.17 
26.4 23.7 7.8 2.85 22.00 2.64 0.21 
31.7 36.2 5.2 2.78 0.0 0.00 2.64 
34.5 40.4 5.8 2.41 0.0 0.00 2.41 
Lab Number Horizon Upper depth (cm) Lower Depth (cm) R (g/cm3) Sand % Co-silt % 
DN4-3 AB 36 53 1.4 1.9 24.5 
DN4-4 Bg 53 77 1.4 1.8 27.3 
DN4-5 Bw 77 106 1.1 3.1 34.5 
DN4-6 Bkg 106 141 1.6 4.8 39.4 
DN4-7 BCkg 141 172 1.4 7.2 39.6 
DN4-8 2C 172 185 1.8 42.3 27.8 
DN5-1 Ap 0 23 1.2 2.0 30.6 
DN5-2 A 23 37 1.1 1.9 26.9 
DN5-3 AB 37 57 1.2 2.3 28.9 
DN5-4 Bw1 57 75 1.4 2.5 32.3 
DN5-5 Bw2 75 101 1.4 3.0 38.4 
DN5-6 BCg 101 126 1.4 4.2 45.0 
DN5-7 eg 126 155 1.6 9.1 41.7 
DN5-8 2C 155 166 2.2 33.1 21.2 
DN6-1 Ap 0 23 1.2 2.0 28.6 
DN6-2 A 23 43 1.2 2.3 31.0 
DN6-3 Bw1 43 66 1.3 2.6 33.0 
DN6-4 Bw2 66 85 1.3 3.0 36.6 
DN6-5 Bg1 85 104 1.3 9.9 31.4 
DN6-6 Bg2 104 118 1.4 11.3 32.0 
DN6-7 BCkg 118 130 1.4 6.5 45.3 
DN6-8 2C 130 149 2.0 31.1 21.0 
DN7-1 Ap1 0 10 1.1 2.1 30.4 
DN7-2 Ap2 10 26 1.2 2.0 35.6 
DN7-3 A 26 37 1.2 2.2 33.6 
DN7-4 AB 37 53 1.1 2.2 33.5 
DN7-5 Bw1 53 76 1.2 3.4 35.0 
DN7-6 Bw2 76 100 1.3 2.9 40.5 
DN7-7 Bg 100 114 1.4 4.2 44.7 
DN7-8 BCkg 114 129 1.4 6.5 37.7 
Fi-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C % 
35.2 38.4 5.2 1.43 0.0 0.00 1.43 
35.4 35.4 6.7 0.609 0.0 0.00 0.61 
33.0 29.4 7.3 0.61 1.3 0.16 0.45 
33.0 22.8 7.7 1.44 10.5 1.26 0.18 
32.5 20.6 7.7 1.32 9.6 1.15 0.17 
16.4 13.6 8.0 1.72 14.7 1.76 -0.04 
30.5 36.9 4.5 2.91 0.0 0.00 2.79 
32.5 38.7 4.9 2.63 0.0 0.00 2.63 
32.5 36.3 5.2 1.34 0.0 0.00 1.34 
32.8 32.5 6.2 0.607 0.0 0.00 0.61 
29.5 29.1 6.9 0.403 0.0 0.00 0.40 
28.5 22.4 7.7 0.929 6.3 0.75 0.18 
29.2 20.0 7.6 1.35 9.0 1.08 0.27 
24.3 21.4 8.0 3.62 23.8 2.85 0.77 
31.4 38.0 4.9 2.83 0.0 0.00 2.74 
31.2 35.6 5.4 1.81 0.0 0.00 1.81 
31.9 32.5 6.2 0.318 0.0 0.00 0.32 
31.6 28.7 6.7 0.686 0.0 0.00 0.69 
29.4 29.2 6.9 1.31 0.0 0.00 1.31 
29.5 27.2 7.4 3.56 3.0 0.36 3.20 
26.3 21.8 7.9 0.875 9.4 1.13 -0.26 
21.2 26.8 8.2 0.411 18.8 2.26 -1.85 
29.5 38.0 4.8 2.45 0.0 0.00 2.44 
26.1 36.3 4.7 2.06 0.0 0.00 2.06 
27.3 36.9 5.4 1.25 0.0 0.00 1.25 
29.6 34.7 5.5 0.64 0.0 0.00 0.64 
29.8 31.9 5.9 0.39 0.0 0.00 0.39 
28.0 28.5 6.7 0.73 0.0 0.00 0.73 
26.9 24.3 7.4 1.48 3.0 0.35 1.13 
29.1 26.7 7.9 2.62 9.7 1.17 1.45 
Lab Number 
DN7-9 
Horizon Upper depth (cm) Lower Depth (cm) R (g/cm3) 

































Ap 0 24 1.4 1.9 31.5 
A 24 47 1.3 1.8 28.5 
BA 47 63 1.4 1.4 27.1 
Bg1 63 84 1.4 1.6 31.4 
Bg2 84 105 1.5 2.5 36.6 
BCkg 105 118 1.7 3.8 42.4 
Cg 118 158 1.6 6.6 45.8 
2C 158 171 1.8 35.1 30.6 
Ap 0 19 1.4 1.9 29.1 
A1 19 34 1.3 1.8 29.1 
A2 34 53 1.4 1.7 28.7 
Bag 53 74 1.4 1.2 29.1 
Bg 74 91 1.3 1.6 35.8 
BCg 91 116 1.4 2.6 39.0 
Cg1 116 157 1.6 4.4 46.8 
Cg2 157 177 1.7 4.7 50.0 
Cg3 177 204 1.8 6.6 47.2 
2C 204 220 2.1 44.1 16.8 
Ap 0 18 1.3 2.1 29.3 
A 18 34 1.3 2.3 25.5 
AB 34 50 1.3 1.9 25.4 
Bg1 50 67 1.3 1.4 21.1 
Bg2 67 93 1.4 1.7 28.2 
BC 93 125 1.3 3.6 37.0 
Cg1 125 154 1.6 4.3 40.5 
Cg2 154 170 1.7 6.3 40.2 
2C 170 185 2.1 34.0 18.2 
Ap 24 1.2 2.1 30.7 
"i-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C 
21.4 29.4 8.0 3.10 17.2 2.07 1.03 
29.6 37.0 5.7 1.93 0.0 0.00 2.77 
26.5 43.2 6.1 0.92 0.0 0.00 0.92 
30.8 40.6 6.2 0.47 0.0 0.00 0.47 
31.2 35.8 6.5 0.40 0.0 0.00 0.40 
29.0 31.9 7.2 0.81 0.0 0.00 0.81 
27.4 26.4 7.7 1.17 4.4 0.52 0.65 
23.7 23.9 7.8 1.83 7.8 0.93 0.90 
14.0 20.2 7.9 2.90 12.3 1.48 1.42 
31.3 37.7 5.7 2.63 0.0 0.00 2.71 
27.7 41.4 6.5 1.59 0.0 0.00 1.59 
28.4 41.3 6.7 0.90 0.0 0.00 0.90 
29.6 40.1 7.0 0.47 0.0 0.00 0.47 
27.0 35.6 7.4 0.46 0.0 0.00 0.46 
28.8 29.5 7.7 0.457 1.1 0.13 0.32 
25.3 23.4 7.8 1.01 7.1 0.85 0.16 
23.3 22.0 7.9 2.17 9.0 1.08 1.09 
23.6 22.7 7.9 2.78 9.0 1.08 1.70 
18.4 20.8 8.0 2.32 6.3 0.75 1.57 
31.6 37.0 5.4 1.3 0.0 0.00 2.78 
31.1 41.0 6.1 0.765 0.0 0.00 0.77 
31.3 41.4 6.7 0.428 0.0 0.00 0.43 
35.8 41.7 6.9 0.664 0.0 0.00 0.66 
33.9 36.2 7.0 0.428 0.0 0.00 0.43 
30.6 28.8 7.6 0.664 3.4 0.41 0.25 
29.3 25.9 7.6 0.93 5.9 0.71 0.22 
29.8 23.7 7.8 1.14 8.3 0.99 0.15 
22.7 25.1 8.0 2.26 17.7 2.12 0.14 
32.1 35.0 5.0 2.57 0.0 0.00 2.52 
ab Number Horizon Upper depth (cm) Lower Depth (cm) R (g/cm3) Sand % Co-silt ' 
DN11-2 A 24 45 1.2 2.1 25.4 
DN11-3 AB 45 60 1.3 1.9 22.9 
DN11-4 Bw 60 80 1.3 1.5 23.4 
DN11-5 Bg 80 109 1.3 3.2 34.6 
DN11-6 BCkg 109 134 1.4 4.1 38.2 
DN11-7 eg 134 159 1.6 8.1 38.2 
DN11-8 2C 159 168 2.1 60.0 12.0 
DN12-1 Ap 0 15 1.2 2.5 30.6 
ON 12-2 A1 15 31 1.2 2.2 23.5 
ON 12-3 A2 31 50 1.2 2.5 24.8 
ON 12-4 AB 50 64 1.2 2.9 26.9 
ON 12-5 Bw 64 85 1.3 3.8 32.0 
ON 12-6 Bg 85 99 1.3 3.7 32.3 
DN12-7 Bkg 99 120 1.2 4.3 37.0 
DN12-8 BCkg 120 133 1.6 7.9 33.9 
DN12-9 2Cg 133 150 1.9 51.7 8.1 
DN13-1 Ap 0 23 1.0 2.3 33.7 
ON 13-2 A1 23 36 1.1 2.5 24.9 
ON 13-3 A2 36 53 1.2 2.3 27.9 
ON 13-4 Bw1 53 80 1.2 3.3 29.3 
ON 13-5 Bw2 80 98 1.3 3.5 32.7 
ON 13-6 BCkg 98 111 1.4 5.4 38.8 
ON 13-7 2C 111 133 1.8 27.0 18.5 
DN14-1 Ap1 0 10 1.0 2.3 34.0 
ON 14-2 Ap2 10 28 1.2 2.2 23.6 
ON 14-3 A 28 44 1.2 2.4 22.7 
ON 14-4 AB 44 57 1.2 2.5 23.4 
ON 14-5 Bw1 57 74 1.3 2.9 31.9 
ON 14-6 Bw2 74 97 1.2 3.5 37.1 
ON 14-7 Bkg 97 113 1.3 4.1 38.3 
Fi-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C % 
31.5 41.1 6.0 2.19 0.0 0.00 2.19 
32.0 43.2 6.4 1.14 0.0 0.00 1.14 
33.9 41.2 6.8 0.542 0.0 0.00 0.54 
30.4 31.8 7.0 0.47 0.0 0.00 0.47 
31.7 25.9 7.6 1.16 7.5 0.89 0.27 
29.1 24.6 7.8 1.36 5.1 0.61 0.75 
11.1 16.9 7.8 1.83 11.1 1.33 1.22 
30.0 37.0 4.3 2.92 0.0 0.00 2.68 
36.2 38.1 4.6 2.35 0.0 0.00 2.35 
35.6 37.2 4.9 1.48 0.0 0.00 1.48 
37.2 33.1 5.3 0.92 0.0 0.00 0.92 
34.9 29.3 6.5 0.44 0.0 0.00 0.44 
37.6 26.4 7.3 0.51 1.6 0.19 0.32 
38.3 20.4 7.6 1.60 9.5 1.14 0.46 
37.4 20.8 7.8 1.69 8.7 1.04 0.65 
23.6 16.5 8.2 3.15 15.0 1.80 1.35 
27.3 36.7 4.4 2.72 0.0 0.00 2.37 
35.6 37.1 4.7 1.78 0.0 0.00 1.78 
35.8 34.0 5.2 1.04 0.0 0.00 1.04 
37.0 30.4 6.0 0.48 0.0 0.00 0.48 
36.8 27.0 7.0 0.42 0.0 0.00 0.42 
34.9 20.8 7.6 2.01 9.9 1.18 0.83 
32.8 21.7 7.9 4.03 7.6 0.91 3.12 
27.8 36.0 4.4 3.83 0.0 0.00 2.75 
36.8 37.5 4.5 3.31 0.0 0.00 3.31 
36.4 38.5 5.0 2.82 0.0 0.00 2.82 
37.2 36.9 5.5 2.02 0.0 0.00 2.02 
31.1 34.1 5.5 1.04 0.0 0.00 1.04 
27.1 32.2 6.3 0.54 0.0 0.00 0.54 
30.6 27.1 7.0 0.87 3.1 0.37 0.50 
ab Number Horizon Upper depth (cm) Lower Depth (cm) R> (g/cm3) Sand % Co-silt 
DN14-8 BCkg 113 140 1.4 9.3 41.1 
DN14-9 2Cg 140 153 2.1 30.9 14.2 
DN15-1 Ap 0 17 1.4 2.9 32.7 
DN15-2 A1 17 42 1.3 2.8 26.0 
DN15-3 A2 42 68 1.4 2.7 26.8 
DN15-4 AB 68 87 1.4 2.5 28.2 
DN15-5 Bg 87 103 1.2 2.8 30.0 
DN15-6 BCkg 103 134 1.7 5.2 37.1 
DN15-7 C 134 158 1.4 5.2 38.9 
DN15-8 2C 158 165 2.0 27.5 23.7 
DN16-1 Ap 0 22 1.3 2.4 33.1 
DN16-2 A1 22 50 1.2 2.5 26.6 
DN16-3 A2 50 69 1.3 2.3 24.2 
DN16-4 Bw 69 95 1.3 2.7 28.2 
DN16-5 Bg 95 110 1.5 4.2 35.8 
DN16-6 BCkg 110 134 1.7 4.3 38.4 
DN16-7 eg 134 165 1.7 7.1 39.5 
DN16-8 2Cg 165 177 1.9 34.4 23.5 
DN17-1 Ap 0 21 1.2 2.5 31.1 
ON 17-2 A1 21 41 1.3 2.1 24.7 
ON 17-3 A2 41 58 1.3 2.3 25.2 
ON 17-4 Bg 58 85 1.3 2.4 29.1 
ON 17-5 Bw 85 106 1.3 3.9 35.9 
ON 17-6 BCkg 106 135 1.5 4.8 37.4 
ON 17-7 C 135 149 1.8 7.7 36.1 
ON 17-8 2C 149 160 1.8 31.5 16.7 
DN18-1 Ap 0 21 1.3 2.3 31.0 
ON 18-2 A 21 44 1.3 1.9 22.6 
ON 18-3 AB 44 62 1.4 1.8 20.5 
"i-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C 
27.1 22.5 7.6 1.90 10.0 1.20 0.70 
24.7 30.2 7.9 4.60 4.1 0.50 4.10 
29.6 34.8 4.7 3.87 0.0 0.00 2.65 
35.7 35.6 5.5 3.52 0.0 0.00 3.52 
35.4 35.1 6.2 2.24 0.0 0.00 2.24 
36.2 33.1 6.7 1.45 0.0 0.00 1.45 
37.3 29.9 7.2 0.72 1.0 0.13 0.60 
35.3 22.4 7.8 1.40 8.2 0.98 0.42 
37.6 18.3 7.9 1.43 9.2 1.10 0.33 
29.7 19.2 8.1 2.19 12.8 1.53 0.66 
28.3 36.2 5.1 2.95 0.0 0.00 2.71 
36.9 34.0 6.0 2.61 0.0 0.00 2.61 
40.9 32.6 6.0 1.29 0.0 0.00 1.29 
40.0 29.1 6.6 0.66 0.0 0.00 0.66 
37.7 22.3 7.5 1.02 5.2 0.62 0.40 
39.6 17.7 7.5 1.35 8.1 0.97 0.38 
39.6 13.8 7.8 1.57 9.9 1.19 0.38 
28.2 13.8 8.1 2.25 16.0 1.92 0.33 
30.6 35.8 5.1 2.99 0.0 0.00 2.64 
39.1 34.2 6.0 2.10 0.0 0.00 2.10 
40.0 32.5 6.4 1.27 0.0 0.00 1.27 
37.5 31.1 7.0 0.65 0.0 0.00 0.65 
35.5 24.7 7.3 0.90 2.7 0.33 0.57 
39.1 18.7 7.8 1.48 6.1 0.73 0.75 
38.3 17.9 7.3 1.68 9.5 1.14 0.54 
31.5 20.2 7.0 3.05 21.4 2.57 0.48 
30.8 35.9 4.6 2.97 0.0 0.00 2.76 
40.7 34.8 5.0 2.29 0.0 0.00 2.29 
42.3 35.4 6.0 1.23 0.0 0.00 1.23 
Lab Number Horizon Upper depth (cm) Lower Depth (cm) R (g/cm3) Sand % Co-silt % 
DN18-4 Bg1 62 76 1.4 1.5 21.1 
DN18-5 Bg2 76 99 1.3 1.7 25.9 
DN18-6 Bg3 99 125 1.4 2.7 31.9 
DN18-7 Bkg 125 176 1.6 4.7 39.7 
DN18-8 BCkg 176 203 1.6 7.3 7.3 
DN18-9 2C 203 215 2.2 41.7 17.2 
DN19-1 Ap1 0 16 1.2 2.8 30.9 
DN19-2 Ap2 16 33 0.8 2.9 28.4 
ON 19-3 A1 33 45 1.6 3.0 26.1 
ON 19-4 A2 45 60 1.3 3.0 27.0 
ON 19-5 A3 60 77 1.2 2.9 27.1 
ON 19-6 Bw 77 90 1.3 2.6 29.6 
ON 19-7 Bg 90 110 1.3 3.0 32.5 
ON 19-8 Bkg 110 125 2.3 4.7 34.9 
ON 19-9 BCkg 125 149 1.1 4.4 36.5 
DN19-10 Cg 149 166 1.6 7.7 36.7 
DN19-11 2C 166 170 2.2 38.7 14.2 
DN20-1 Ap 0 26 1.2 2.2 30.2 
DN20-2 A 26 38 1.1 1.8 21.0 
DN20-3 AB 38 53 1.2 1.8 22.4 
DN20-4 Bw 53 69 1.2 2.0 26.6 
DN20-5 Bg1 69 97 1.3 2.6 31.4 
DN20-6 Bg2 97 110 1.2 3.8 34.8 
DN20-7 Bkg 110 129 1.3 4.4 40.1 
DN20-8 BCkg 129 150 1.4 4.5 37.3 
DN20-9 2Cg 150 165 1.6 16.0 31.0 
DN20-10 2Cg 165 178 2.0 40.7 14.1 
DN21-1 Ap 0 20 1.1 2.3 31.8 
DN21-2 A 20 40 1.2 2.5 27.5 
DN21-3 Bw1 40 56 1.2 2.9 31.3 
Fi-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C % 
43.6 33.8 6.6 0.61 0.0 0.00 0.61 
42.3 30.1 7.0 0.41 0.0 0.00 0.41 
41.4 24.0 7.5 0.51 2.0 0.24 0.27 
37.1 18.5 8.0 1.29 9.0 1.08 0.21 
39.4 38.1 8.0 1.38 15.3 1.23 0.15 
26.3 14.8 8.0 2.44 18.3 2.19 0.25 
29.7 36.6 4.4 2.58 0.0 0.00 2.57 
29.2 39.5 4.5 2.27 0.0 0.00 2.27 
32.1 38.7 5.0 1.73 0.0 0.00 1.73 
31.8 38.2 5.1 1.41 0.0 0.00 1.41 
32.0 38.0 5.4 1.05 0.0 0.00 1.05 
33.4 34.5 5.9 0.57 0.0 0.00 0.57 
32.5 32.0 6.7 0.41 0.0 0.00 0.41 
38.0 22.3 7.8 1.29 9.3 1.12 0.17 
34.3 24.7 7.9 1.22 9.0 1.07 0.15 
33.5 22.1 7.9 1.39 10.2 1.22 0.17 
23.2 23.9 7.9 2.45 18.9 2.26 0.19 
30.5 37.1 4.7 2.64 0.0 0.00 2.53 
34.6 42.6 5.3 2.13 0.0 0.00 2.13 
35.8 40.0 5.7 1.29 0.0 0.00 1.29 
35.2 36.2 5.8 0.70 0.0 0.00 0.70 
33.4 32.6 6.6 0.40 0.0 0.00 0.40 
33.3 28.1 7.6 0.54 2.4 0.28 0.26 
33.9 21.5 7.7 1.82 10.2 1.23 0.59 
36.9 21.3 7.8 1.46 11.5 1.37 0.09 
30.5 22.5 7.8 1.61 13.6 1.63 -0.02 
21.6 23.7 8.0 2.89 23.8 2.85 0.04 
28.5 37.3 4.5 2.48 0.0 0.00 2.69 
29.8 40.2 5.2 1.77 0.0 0.00 1.77 
28.9 36.9 5.6 0.85 0.0 0.00 0.85 
ab Number Horizon Upper depth (cm) Lower Depth (cm) R> (g/cm3) Sand % Co-silt ' 
DN21-4 Bw2 56 76 1.2 3.5 33.2 
DN21-5 Bg 76 91 1.3 3.5 34.3 
DN21-6 BCkg 91 106 1.4 7.8 34.4 
DN21-7 2C 106 119 1.7 46.0 14.5 
DN22-1 Ap1 0 8 1.1 2.5 32.7 
DN22-2 Ap2 8 24 1.3 2.5 29.3 
DN22-3 A 24 35 1.1 2.2 28.7 
DN22-4 AB 35 57 1.2 2.9 30.9 
DN22-5 Bw 57 86 1.3 3.9 34.0 
DN22-6 Bg 86 100 1.3 4.8 40.5 
DN22-7 BCkg 100 113 1.5 18.1 34.2 
DN22-8 2C 113 126 1.5 31.3 18.3 
DN22-9 2Cg 126 150 1.7 39.0 16.5 
DN23-1 Ap1 0 10 1.1 2.7 32.8 
DN23-2 Ap2 10 26 1.2 2.7 30.2 
DN23-3 A 26 40 1.2 3.2 29.6 
DN23-4 Bw 40 55 1.2 4.1 34.0 
DN23-5 Bg 55 76 1.2 4.7 36.9 
DN23-6 BCg 76 97 1.2 4.9 35.6 
DN23-7 eg 97 104 1.5 15.1 33.1 
DN23-8 2Cg 104 123 1.7 31.6 14.9 
DN24-1 Ap1 0 16 1.1 2.6 33.6 
DN24-2 Ap2 16 32 1.2 2.7 30.0 
DN24-3 A 32 44 1.2 2.9 28.7 
DN24-4 Bw 44 62 1.2 4.8 34.0 
DN24-5 Bg 62 79 1.3 8.1 32.5 
DN24-6 2BC 79 86 1.3 30.6 20.7 
DN24-7 2Cg 86 100 1.8 32.6 19.9 
DN25-1 Ap 0 23 1.2 2.2 30.2 
Fi-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C % 
29.3 34.0 6.3 0.51 0.0 0.00 0.51 
29.6 32.6 7.0 0.41 0.0 0.00 0.41 
32.9 24.9 7.8 1.67 11.9 1.43 0.24 
18.5 21.0 8.1 2.06 13.0 1.56 0.50 
28.4 36.5 5.0 2.80 0.0 0.00 3.10 
28.6 39.6 4.7 2.36 0.0 0.00 2.36 
28.1 41.0 5.4 2.31 0.0 0.00 2.31 
27 8 38.5 5.8 1.33 0.0 0.00 1.33 
27.6 34.5 6.4 0.54 0.0 0.00 0.54 
29.8 25.0 7.4 0.49 1.1 0.14 0.35 
26.5 21.1 7.9 1.54 12.0 1.44 0.10 
27.7 22.6 8.1 3.01 18.6 2.23 0.78 
25.3 19.3 8.2 3.71 29.4 3.52 0.19 
28.0 36.5 4.7 2.53 0.0 0.00 2.64 
29.6 37.5 4.3 2.07 0.0 0.00 2.07 
31.1 36.0 5.5 1.18 0.0 0.00 1.18 
28.0 33.8 5.7 0.71 0.0 0.00 0.71 
28.4 30.0 6.1 0.52 0.0 0.00 0.52 
34.1 25.3 7.1 0.48 1.2 0.14 0.33 
29.5 22.3 7.7 1.56 7.0 0.84 0.72 
28.6 24.8 8.1 3.26 18.3 2.19 1.07 
29.2 34.6 4.7 2.38 0.0 0.00 2.61 
31.4 35.9 4.9 2.02 0.0 0.00 2.02 
32.1 36.3 5.6 1.55 0.0 0.00 1.55 
27.8 33.4 6.2 0.75 0.0 0.00 0.75 
29.3 30.1 7.0 0.46 0.0 0.00 0.46 
23.0 25.7 7.4 0.92 6.5 0.78 0.14 
26.7 20.8 8.1 3.57 23.6 2.83 0.74 
31.5 36.1 4.8 3.26 0.0 0.00 2.74 
ab Number Horizon Upper depth (cm) Lower Depth (cm) R (g/cm3) Sand % Co-silt ' 
DN25-2 A1 23 35 1.1 2.1 29.4 
DN25-3 A2 35 53 1.2 2.1 31.7 
DN25-4 Bw1 53 67 1.3 2.7 32.3 
DN25-5 Bw2 67 89 1.2 3.2 34.8 
DN25-6 Bkg 89 109 1.3 4.4 37.9 
DN25-7 BCkg 109 117 2.6 5.4 43.3 
DN25-8 Cg1 117 136 1.5 5.4 46.2 
DN25-9 Cg2 136 151 1.4 6.5 44.5 
DN25-10 2Cg 151 181 2.2 53.5 15.3 
DN26-1 Ap 0 25 1.2 2.3 30.6 
DN26-2 A 25 47 1.1 2.0 28.8 
DN26-3 Bw1 47 68 1.3 2.7 34.1 
DN26-4 Bw2 68 97 1.0 4.4 40.9 
DN26-5 BCg 97 111 1.9 4.0 41.3 
DN26-6 eg 111 129 1.4 17.3 38.8 
DN26-7 2Cg1 129 153 1.9 76.0 9.8 
DN26-8 2Cg2 153 170 2.1 35.6 19.2 
DN27-1 Ap 0 20 1.1 2.2 31.6 
DN27-2 A 20 29 1.2 2.4 25.5 
DN27-3 Bw1 29 46 1.1 2.6 26.7 
DN27-4 Bw2 46 69 1.3 3.7 31.6 
DN27-5 Bw3 69 87 1.3 3.7 35.1 
DN27-6 BC 87 105 1.3 4.5 34.2 
DN27-7 2Cg1 105 129 1.6 26.5 28.8 
DN27-8 2Cg2 129 150 1.7 34.4 13.5 
DN28-1 Ap 0 22 1.1 2.0 30.8 
DN28-2 A 22 35 1.2 2.4 26.4 
DN28-3 AB 35 54 1.2 2.9 28.2 
DN28-4 Bw 54 76 1.3 3.5 33.2 
DN28-5 BCg 76 95 1.2 3.6 36.0 
Fi-silt % Clay% PH Total C % CaC03 ec|. °/i j Inorganic C % Organic C % 
33.7 34.8 5.1 1.89 0.0 0.00 1.89 
33.9 32.4 5.3 1.32 0.0 0.00 1.32 
35.0 30.0 5.7 0.67 0.0 0.00 0.67 
49.7 12.3 6.3 0.46 0.0 0.00 0.46 
43.8 13.8 7.4 0.69 3.4 0.40 0.28 
33.7 17.6 7.8 1.01 7.3 0.88 0.13 
26.4 22.0 8.1 1.21 9.7 1.17 0.04 
13.2 35.8 8.0 1.36 10.7 1.28 0.08 
17.9 13.3 8.3 1.96 15.4 1.84 0.12 
30.7 36.4 4.6 2.20 0.0 0.00 2.39 
34.8 34.5 5.2 1.43 0.0 0.00 1.43 
33.7 29.4 5.3 0.64 0.0 0.00 0.64 
30.5 24.3 5.9 0.35 0.0 0.00 0.35 
33.8 20.9 6.8 0.38 0.0 0.00 0.38 
27.3 16.6 7.7 1.45 9.9 1.18 0.27 
7.9 6.4 7.9 0.83 6.0 0.72 0.11 
26.9 18.4 8.0 3.55 15.0 1.80 1.75 
29.8 36.4 4.3 2.28 0.0 0.00 2.34 
31.6 40.5 4.7 1.85 0.0 0.00 1.85 
31.9 38.7 5.0 1.03 0.0 0.00 1.03 
31.1 33.6 5.6 0.53 0.0 0.00 0.53 
30.6 30.7 6.2 0.33 0.0 0.00 0.33 
33.9 27.4 7.2 0.36 0.9 0.10 0.25 
24.5 20.2 7.9 1.63 14.0 1.68 -0.05 
26.9 25.2 8.2 3.38 15.6 1.87 1.51 
32.3 34.9 4.4 2.33 0.0 0.00 2.43 
30.8 40.4 4.8 0.11 0.0 0.00 0.11 
30.9 37.9 5.1 1.71 0.0 0.00 1.71 
29.7 33.5 5.6 1.04 0.0 0.00 1.04 




Horizon Upper depth (cm) Lower Depth (cm) FUg/cm3) 
Cg 95 116 1.3 


































Ap 0 20 1.2 2.4 31.8 
A 20 35 1.2 3.2 29.3 
AB 35 57 0.9 4.0 33.1 
Bg 57 73 1.7 4.8 36.9 
2 BCg 73 83 1.4 21.1 28.8 
2Cg1 83 95 1.8 39.1 13.4 
2Cg2 95 117 1.8 28.4 11.7 
Ap1 0 18 1.2 2.4 31.0 
Ap2 18 29 1.2 2.7 26.0 
A 29 41 1.2 3.0 27.0 
Bw1 41 60 1.3 3.6 30.9 
Bw2 60 80 1.3 3.7 33.3 
BCg 80 98 1.2 5.5 34.2 
2Cg 98 107 2.2 41.2 16.6 
2Cg 107 121 2.2 35.8 10.4 
2Cg' 121 134 1.9 30.1 13.7 
Ap 0 20 1.1 2.4 33.0 
A 20 31 1.2 2.8 26.6 
Bw1 31 44 1.2 3.2 29.2 
Bw2 44 71 1.3 3.7 33.3 
BCg 71 93 1.2 5.2 34.5 
2C1 93 105 1.8 40.7 15.5 
2C2 105 121 2.1 61.5 6.6 










"i-silt % Clay% PH Total C % CaC03 ec|. °A j Inorganic C % Organic C 
34.1 19.9 8.0 0.48 10.1 1.21 -0.73 
26.9 24.9 8.1 1.38 25.7 3.08 -1.70 
30.8 35.0 4.7 3.18 0.0 0.00 2.27 
28.4 39.1 5.1 2.26 0.0 0.00 2.26 
27.6 35.2 5.5 1.15 0.0 0.00 1.15 
27.4 30.9 6.0 0.69 0.0 0.00 0.69 
22.5 27.6 6.6 0.42 0.0 0.00 0.42 
25.5 22.1 8.0 0.37 20.1 2.41 -2.05 
34.7 25.2 8.1 2.39 11.8 1.41 0.98 
30.1 36.4 4.4 2.08 0.0 0.00 2.93 
31.7 39.6 4.7 1.53 0.0 0.00 1.53 
32.3 37.6 5.7 1.05 0.0 0.00 1.05 
31.8 33.7 5.6 0.60 0.0 0.00 0.60 
31.5 31.5 5.7 0.36 0.0 0.00 0.36 
32.7 27.5 6.6 0.38 0.0 0.00 0.38 
20.7 21.5 7.7 1.88 11.6 1.39 0.49 
28.9 24.9 8.0 3.32 13.3 1.60 1.72 
30.7 25.5 8.0 3.73 24.4 2.92 0.81 
29.7 34.9 4.6 2.31 0.0 0.00 2.47 
30.4 40.2 5.4 1.76 0.0 0.00 1.76 
30.5 37.1 6.1 1.09 0.0 0.00 1.09 
30.9 32.1 6.5 0.12 0.0 0.00 0.12 
29.9 30.4 7.1 1.89 0.1 0.01 1.88 
21.2 22.6 8.0 1.70 12.9 1.55 0.15 
13.4 18.5 8.3 1.86 16.1 1.92 -0.06 
31.2 24.9 8.2 3.76 21.4 2.56 1.20 
31.2 36.1 4.6 2.23 0.0 0.00 2.29 
34.2 36.5 5.0 1.44 0.0 0.00 1.44 
33.5 32.9 5.4 0.64 0.0 0.00 0.64 
ab Number Horizon Upper depth (cm) Lower Depth (cm) R> (g/cm3) Sand % Co-siltc 
DN32-4 Bw 59 81 1.2 3.8 37.4 
DN32-5 Bg 81 98 1.3 3.7 35.6 
DN32-6 BCkg 98 113 1.3 4.9 38.0 
DN32-7 2Cg1 113 127 1.9 37.0 17.3 
DN32-8 2Cg2 127 149 1.7 35.2 15.6 
DN33-1 Ap1 0 18 1.2 2.2 33.5 
DN33-2 Ap2 18 33 1.2 2.0 26.2 
DN33-3 Bw1 33 53 1.2 2.4 29.7 
DN33-4 Bw2 53 74 1.2 3.1 33.7 
DN33-5 Bg 74 97 1.3 3.6 35.6 
DN33-6 BCkg 97 114 1.3 16.1 30.4 
DN33-7 2C 114 133 1.5 30.7 14.7 
DN33-8 2Cg 133 153 1.6 29.5 13.7 
DN34-1 Ap 0 25 1.0 2.5 32.5 
DN34-2 AB 25 40 1.3 2.6 27.8 
DN34-3 Bw1 40 61 1.2 3.2 31.3 
DN34-4 Bw2 61 83 1.3 2.6 35.4 
DN34-5 BCg 83 100 1.2 13.1 29.1 
DN34-6 2C1 100 108 1.8 48.6 12.7 
DN34-7 2C2 108 120 1.9 62.1 7.1 
DN35-1 Ap 0 23 1.1 2.2 32.0 
DN35-2 A 23 42 1.2 2.3 25.0 
DN35-3 Bw 42 71 1.2 2.5 29.6 
DN35-4 Bg 71 100 1.3 3.7 36.2 
DN35-5 BCkg 100 119 1.3 6.5 37.0 
DN35-6 2Cg 119 131 1.8 33.4 12.4 
DN36-1 Ap 0 22 1.1 2.1 33.0 
DN36-2 A 22 39 1.2 2.6 28.6 
DN36-3 Bw1 39 59 1.2 3.6 32.0 
Fi-silt % Clay% PH Total C % CaC03 ec|. °A j Inorganic C % Organic C % 
31.3 27.5 6.0 0.41 0.0 0.00 0.41 
33.3 27.3 6.9 0.35 0.0 0.00 0.35 
34.1 23.0 7.5 0.49 1.3 0.16 0.33 
26.7 18.9 8.1 2.24 19.6 2.35 -0.11 
29.6 19.6 8.3 2.98 22.3 2.68 0.30 
28.6 35.6 4.9 2.38 0.0 0.00 2.48 
34.9 36.8 5.7 1.46 0.0 0.00 1.46 
34.2 33.8 6.0 0.74 0.0 0.00 0.74 
34.5 28.8 6.2 0.43 0.0 0.00 0.43 
35.0 25.8 7.2 0.33 0.1 0.01 0.31 
32.0 21.5 7.7 1.10 5.7 0.69 0.41 
29.5 25.1 8.1 3.21 25.2 3.02 0.19 
30.4 26.3 8.2 3.34 15.5 1.86 1.48 
28.8 36.2 5.0 2.30 0.0 0.00 2.49 
33.5 36.1 5.7 1.41 0.0 0.00 1.41 
32.6 32.9 6.1 0.82 0.0 0.00 0.82 
31.0 31.0 6.7 0.45 0.0 0.00 0.45 
31.5 26.2 7.3 0.45 1.4 0.17 0.28 
18.8 19.8 7.7 1.25 10.9 1.31 -0.06 
14.5 16.3 7.8 1.24 10.9 1.31 -0.07 
30.1 35.7 4.7 2.30 0.0 0.00 2.22 
34.7 38.0 5.6 1.52 0.0 0.00 1.52 
34.4 33.6 5.9 0.72 0.0 0.00 0.72 
35.1 25.0 7.5 0.53 25.9 3.11 -2.58 
37.8 18.7 7.8 1.80 12.1 1.45 0.35 
31.4 22.8 8.1 3.22 17.9 2.14 1.08 
28.9 36.0 4.9 2.33 0.0 0.00 2.33 
31.9 36.9 5.6 1.28 0.0 0.00 1.28 
31.9 32.5 6.0 0.66 0.0 0.00 0.66 
ab Number Horizon Upper depth (cm) Lower Depth (cm) R> (g/cm3) Sand % Co-silt ' 
DN36-4 Bw2 59 80 1.3 4.4 35.4 
DN36-5 Bg 80 97 1.2 7.4 39.3 
DN36-6 2C1 97 129 1.7 30.5 16.4 
DN36-7 2C2 129 149 1.7 34.8 14.1 
DN37-1 Ap1 0 18 1.2 2.3 32.8 
DN37-2 Ap2 18 30 1.2 2.1 26.7 
DN37-3 BA 30 56 1.2 2.9 45.1 
DN37-4 Bw 56 76 1.3 3.6 41.9 
DN37-5 Bg 76 92 1.2 6.4 35.6 
DN37-6 2BCkg 92 97 1.7 27.7 25.9 
DN37-7 2Cg 97 144 1.7 33.7 20.5 
DN37-8 2C 144 174 1.6 34.1 21.6 
DN37-9 2Cg' 174 214 1.7 34.1 22.9 
DN38-1 Ap 0 25 1.2 2.4 33.0 
DN38-2 A 25 38 1.1 2.7 39.4 
DN38-3 Bw1 38 54 1.1 2.9 37.6 
DN38-4 Bw2 54 78 1.2 3.7 41.5 
DN38-5 Bkg 78 100 1.3 8.0 39.5 
DN38-6 2Cg1 100 123 1.7 32.8 16.4 
DN38-7 2Cg2 123 135 1.8 33.0 20.1 
DN39-1 Ap1 0 16 1.1 2.2 32.8 
DN39-2 Ap2 16 25 1.0 2.5 32.6 
DN39-3 BA 25 44 1.2 2.7 37.0 
DN39-4 Bw 44 63 1.4 3.2 40.0 
DN39-5 Bg 63 78 1.2 3.5 38.3 
DN39-6 BCg 78 100 1.3 4.9 51.0 
DN39-7 2Cg 100 118 1.8 31.3 34.0 
DN40-1 Ap 0 23 1.3 2.5 32.5 
DN40-2 A 23 34 1.3 2.7 51.4 
Fi-silt % Clay% PH Total C % CaC03 ec|. j Inorganic C % Organic C % 
31.0 29.2 6.5 0.41 0.0 0.00 0.41 
33.9 19.4 7.2 0.43 0.3 0.03 0.39 
29.6 23.6 8.2 3.04 9.5 1.14 1.90 
28.1 23.0 8.1 3.48 17.8 2.13 1.35 
28.3 36.6 4.9 2.61 0.0 0.00 2.61 
33.4 37.7 5.5 1.78 0.0 0.00 1.78 
21.1 30.9 5.9 0.88 0.0 0.00 0.88 
26.8 27.7 6.7 0.44 0.0 0.00 0.44 
36.4 21.6 7.4 0.66 0.0 0.00 0.66 
26.3 20.1 7.7 2.87 20.3 2.43 0.44 
26.0 19.8 8.2 4.00 22.8 2.73 1.27 
23.3 21.0 8.3 3.78 24.8 2.98 0.80 
22.8 20.2 8.3 3.39 26.6 3.18 0.21 
27.7 36.9 4.7 2.24 0.0 0.00 2.24 
20.8 37.1 5.2 1.56 0.0 0.00 1.56 
27.1 32.3 5.6 0.85 0.0 0.00 0.85 
26.2 28.6 5.9 0.50 0.0 0.00 0.50 
26.8 25.7 7.1 0.39 0.3 0.03 0.35 
30.5 20.4 8.4 3.12 17.2 2.07 1.05 
27.8 19.1 8.3 3.20 25.6 3.07 0.13 
28.2 36.8 5.1 2.34 0.0 0.00 2.34 
29.7 35.2 5.3 1.57 0.0 0.00 1.57 
28.7 31.6 5.6 0.89 0.0 0.00 0.89 
28.6 28.1 6.1 0.47 0.0 0.00 0.47 
31.1 27.0 6.7 0.34 0.0 0.00 0.34 
23.2 21.0 7.3 0.31 0.4 0.04 0.26 
15.9 18.8 7.8 1.91 15.0 1.79 0.12 
27.2 37.8 4.6 2.30 0.0 0.00 2.30 
12.1 33.8 5.1 1.77 0.0 0.00 1.77 
Lab Number Horizon Upper depth (cm) Lower Depth (cm) R> (g/cm3) Sand % Co-silt % 
DN40-3 Bw1 34 53 1.1 3.2 45.8 
DN40-4 Bw2 53 83 1.2 3.7 46.5 
DN40-5 Bw3 83 101 1.3 7.9 51.3 
DN40-6 2BCk 101 116 1.5 32.4 28.7 
DN40-7 2C 116 127 1.4 54.4 18.0 
DN41-1 Ap 0 31 1.1 2.3 30.8 
DN41-2 BA 31 39 1.2 3.7 46.2 
DN41-3 Bw1 39 60 1.2 2.8 45.0 
DN41-4 Bw2 60 86 1.2 3.4 41.3 
DN41-5 Bg 86 98 1.2 5.3 44.9 
DN41-6 2BCkg 98 116 1.5 34.7 28.4 
DN41-7 2C 116 133 1.4 30.4 26.4 
DN42-1 Ap 0 24 1.0 2.3 30.7 
DN42-2 A 24 41 1.1 2.8 51.2 
DN42-3 AB 41 58 1.2 2.8 28.2 
DN42-4 Bw 58 81 1.1 3.8 31.7 
DN42-5 Bg 81 99 1.3 5.8 35.9 
DN42-6 2BCkg 99 109 2.5 18.3 31.2 
DN42-7 2C 109 118 1.9 34.2 12.2 
DN43-1 Ap 0 21 1.1 2.3 34.9 
DN43-2 A1 21 40 1.2 3.1 26.1 
DN43-3 A2 40 51 1.3 1.8 24.4 
DN43-4 Bg1 51 63 1.0 1.8 24.4 
DN43-5 Bg2 63 81 1.3 2.2 26.2 
DN43-6 Bg3 81 108 1.2 2.8 33.3 
DN43-7 Bkg1 108 122 1.0 3.7 38.0 
DN43-8 Bkg2 122 129 1.7 4.2 39.3 
DN43-9 BCkg 129 137 1.7 6.2 42.0 
DN43-10 2Cg 137 143 1.9 30.6 27.2 
Fi-silt % Clay% PH Total C % CaC03 ec|. °A j Inorganic C % Organic C % 
18.2 32.7 5.3 1.09 0.0 0.00 1.09 
21.2 28.6 5.5 0.57 0.0 0.00 0.57 
17.3 23.5 6.9 0.34 0.0 0.00 0.34 
16.1 22.9 7.8 2.26 17.1 2.05 0.21 
2.6 25.0 7.8 1.40 12.4 1.49 -0.09 
28.6 38.2 4.8 2.34 0.0 0.00 2.34 
20.5 29.6 5.8 0.85 0.0 0.00 0.85 
20.6 31.5 5.9 1.02 0.0 0.00 1.02 
28.4 26.9 6.4 0.47 0.0 0.00 0.47 
27.0 22.8 6.9 0.37 0.0 0.00 0.37 
20.5 16.4 7.8 1.69 12.6 1.51 0.18 
18.7 24.5 8.1 2.86 15.3 1.83 1.03 
28.7 38.3 4.9 2.51 0.0 0.00 2.51 
12.3 33.7 5.7 1.84 0.0 0.00 1.84 
30.8 38.1 5.5 1.23 0.0 0.00 1.23 
31.0 33.5 6.2 0.66 0.0 0.00 0.66 
30.4 27.9 6.9 0.48 0.0 0.00 0.48 
33.9 16.7 8.0 2.31 18.1 2.18 0.13 
31.2 22.4 8.3 3.00 20.4 2.44 0.56 
28.8 33.9 4.5 2.68 0.0 0.00 2.68 
32.3 38.6 5.0 2.41 0.0 0.00 2.41 
33.7 40.0 5.3 1.83 0.0 0.00 1.83 
34.6 39.2 5.6 1.34 0.0 0.00 1.34 
35.4 36.2 6.0 0.60 0.0 0.00 0.60 
32.8 31.1 6.5 0.41 0.0 0.00 0.41 
31.6 26.7 7.1 0.60 2.0 0.24 0.36 
35.9 20.6 7.5 1.18 9.2 1.10 0.08 
37.4 14.5 7.8 1.24 9.8 1.17 0.07 
21.8 20.4 7.6 1.63 13.3 1.59 0.04 
Lab Number Horizon Upper depth (cm) Lower Depth (cm) R> (g/cm3) Sand % Co-silt % 
DN44-1 Ap 0 20 1.2 2.0 31.6 
DN44-2 A 20 39 1.2 1.8 25.6 
DN44-3 Bw 39 56 1.3 2.4 19.9 
DN44-4 Bg1 56 85 1.3 3.6 24.2 
DN44-5 Bg2 85 112 1.3 4.0 29.7 
DN44-6 BCkg 112 149 1.0 7.1 29.1 
DN45-1 Ap 0 21 1.1 2.4 31.8 
DN45-2 A 21 34 1.2 2.6 20.0 
DN45-3 Bw 34 70 1.3 3.5 26.5 
DN45-4 Bg 70 106 1.1 9.2 26.8 
DN45-5 2Cg1 106 131 1.5 33.8 9.1 
DN45-6 2Cg2 131 162 1.5 28.7 9.1 
DN45-7 2C3 162 202 1.7 31.7 9.8 
DN46-1 Ap 0 25 1.0 2.6 32.9 
DN46-2 A 25 47 1.2 2.6 20.5 
DN46-3 Bw1 47 63 1.3 3.1 24.3 
DN46-4 Bw2 63 79 1.2 3.7 28.8 
DN46-5 Bg 79 101 1.2 4.9 27.4 
DN46-6 2Bk 101 110 1.6 42.6 14.1 
DN46-7 2C 110 119 2.1 65.4 2.7 
DN47-1 Ap 0 24 1.0 2.4 28.2 
DN47-2 A 24 38 1.1 2.6 33.2 
DN47-3 Bw1 38 59 1.1 3.3 33.6 
DN47-4 Bw2 59 91 1.1 6.5 36.3 
DN47-5 2Cg 91 120 1.2 26.7 32.9 
DN47-6 2C 120 152 1.7 48.7 16.2 
DN48-1 Ap1 0 15 1.1 2.3 28.4 
DN48-2 Ap2 15 36 1.0 2.6 28.1 
DN48-3 A 36 52 1.0 2.7 28.6 
Fi-silt % Clay% PH Total C % CaC03 ec|. °A j Inorganic C % Organic C % 
29.8 36.6 4.6 2.51 0.0 0.00 2.51 
32.9 39.7 5.0 1.40 0.0 0.00 1.40 
43.2 34.4 5.5 0.70 0.0 0.00 0.70 
41.0 31.2 5.9 0.46 0.0 0.00 0.46 
43.6 22.7 7.4 0.49 1.7 0.20 0.29 
43.8 20.0 7.8 1.49 10.5 1.26 0.23 
28.4 37.4 4.8 2.29 0.0 0.00 2.29 
39.5 37.9 6.0 1.13 0.0 0.00 1.13 
38.7 31.4 5.8 0.39 0.0 0.00 0.39 
41.2 22.9 7.6 0.59 4.5 0.53 0.05 
33.5 23.6 7.8 3.06 17.1 2.05 1.01 
36.6 25.7 7.9 3.37 22.0 2.63 0.74 
34.8 23.7 7.9 3.41 18.9 2.26 1.15 
28.3 36.2 4.9 2.44 0.0 0.00 2.44 
38.2 38.7 5.4 1.62 0.0 0.00 1.62 
38.5 34.0 5.9 0.77 0.0 0.00 0.77 
36.9 30.6 6.3 0.51 0.0 0.00 0.51 
38.9 28.8 6.8 0.36 0.0 0.00 0.36 
24.7 18.6 7.9 0.86 6.5 0.77 0.09 
15.7 16.2 8.0 1.88 13.4 1.61 0.27 
28.1 41.3 4.8 2.17 0.0 0.00 2.17 
29.2 35.0 5.5 1.46 0.0 0.00 1.46 
29.8 33.3 5.8 0.82 0.0 0.00 0.82 
29.7 27.5 7.0 0.46 0.0 0.00 0.46 
24.3 16.1 8.2 3.46 21.2 2.54 0.92 
19.3 15.8 8.3 2.94 20.7 2.48 0.46 
29.0 40.3 5.2 2.66 0.0 0.00 2.66 
30.5 38.7 5.1 2.17 0.0 0.00 2.17 
31.2 37.5 5.8 1.32 0.0 0.00 1.32 
Lab Number Horizon Upper depth (cm) Lower Depth (cm) R(g/cm3) Sand % Co-silt % 
DN48-4 Bw1 52 71 1.1 3.2 32.9 
DN48-5 Bw2 71 111 1.2 4.5 36.4 
DN48-6 2Cg1 111 138 1.8 32.7 17.4 
DN48-7 2Cg2 138 187 1.7 35.3 17.9 
DN48-8 2Cg3 187 207 2.0 35.6 19.3 
DN49-1 Ap 0 24 1.0 2.1 28.7 
DN49-2 A 24 51 1.2 3.3 28.1 
DN49-3 Bw 51 76 0.9 4.6 30.6 
DN49-4 BCg 76 97 1.0 6.8 34.1 
DN49-5 eg 97 112 1.1 11.9 32.4 
DN49-6 2C 112 127 1.5 27.4 21.0 
Fi-silt % Clay% PH Total C % CaC03 ec|. °A j Inorganic C % Organic C % 
30.9 33.0 6.1 0.69 0.0 0.00 0.69 
32.7 26.4 6.9 0.45 0.0 0.00 0.45 
30.8 19.2 8.3 3.75 16.3 1.96 1.79 
27.4 19.4 8.4 4.03 18.5 2.22 1.81 
27.2 17.9 8.4 3.96 13.6 1.63 2.33 
30.2 39.0 5.0 2.35 0.0 0.00 2.35 
31.1 37.5 5.7 1.88 0.0 0.00 1.88 
31.8 33.0 6.1 0.69 0.0 0.00 0.69 
29.0 30.1 6.9 0.46 0.0 0.00 0.46 
30.7 25.1 8.0 0.91 6.1 0.73 0.18 
27.8 23.8 8.3 2.91 21.2 2.54 0.37 
119 
Appendix C 
Geographic Information Systems Data 
120 
Dre # Epipedon Depth to Depth to Gleyed Depth to Surface Surface Surface 
Thickness (cm) Carbonates (cm) Horizon (cm) Till (cm) Clay Content Organic Carbon pH 
1 54 77 39 181 37.8 5.33 5.48 
2 59 97 59 236 36.8 2.66 6.47 
3 54 101 54 165 37.4 1.78 5.88 
4 53 106 53 172 36.2 2.78 5.21 
5 57 126 101 155 36.9 2.91 4.49 
6 43 118 85 130 38.0 2.83 4.86 
7 53 114 100 129 38.0 2.45 4.78 
8 63 105 63 158 37.0 1.93 5.71 
9 74 116 53 204 37.7 2.63 5.74 
10 50 125 50 170 37.0 1.3 5.35 
11 60 109 80 159 35.0 2.57 4.96 
12 50 99 85 133 37.0 2.92 4.32 
13 53 98 98 111 36.7 2.72 4.39 
14 57 97 97 140 36.0 3.83 4.4 
15 87 103 87 158 34.8 3.87 4.66 
16 69 110 95 165 36.2 2.95 5.07 
17 58 106 58 149 35.8 2.99 5.05 
18 62 125 62 203 35.9 2.97 4.55 
19 77 110 90 166 36.6 2.58 4.41 
20 53 110 69 150 37.1 2.64 4.69 
21 40 91 76 106 37.3 2.48 4.5 
22 57 100 86 113 36.5 2.80 4.96 
23 40 97 55 104 36.5 2.53 4.71 
24 44 86 62 79 34.6 2.38 4.71 
25 53 89 89 151 36.1 3.26 4.75 
26 47 111 97 129 36.4 2.20 4.56 
27 29 105 105 105 36.4 2.28 4.31 
28 35 95 76 116 34.9 2.33 4.4 
29 57 83 57 73 35.0 3.18 4.66 
30 41 98 80 98 36.4 2.08 4.39 
31 31 93 71 93 34.9 2.31 4.57 
32 59 98 81 113 36.1 2.23 4.63 
33 33 97 74 114 35.6 2.38 4.88 
34 40 100 83 100 36.2 2.30 4.98 
35 42 100 71 119 35.7 2.30 4.66 
36 39 97 80 97 36.0 2.33 4.89 
37 30 92 76 92 36.6 2.61 4.93 
38 38 78 78 100 36.9 2.24 4.71 
39 25 100 63 100 36.8 2.34 5.06 
40 34 101 101 37.8 2.30 4.55 
41 31 98 86 98 38.2 2.34 4.76 
42 41 99 81 99 38.3 2.51 4.9 
43 51 108 51 137 33.9 2.68 4.54 
44 39 112 56 36.6 2.51 4.41 
45 34 106 70 106 37.4 2.29 4.76 
46 47 101 79 101 36.2 2.44 4.86 
47 38 91 91 91 41.3 2.17 4.84 
48 36 111 111 111 40.3 2.66 5.17 




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































sai-30 slope-30 sti-30 spi-30 a-40 aspect-40 cti-40 curve-40 pland-40 profiled-40 sai-40 
0.023868 
0.040971 
0.070789 
0.072960 
0.088454 
0.090392 
0.069444 
0.063470 
0.096327 
0.107667 
0.090960 
0.105287 
0.094440 
0.055958 
0.108355 
0.096327 
0.107667 
0.125064 
0.138321 
0.106961 
0.076779 
0.129244 
0.137528 
0.156637 
0.161650 
0.155164 
0.137199 
0.054467 
0.129244 
0.140733 
0.147718 
0.152298 
0.155164 
0.093130 
0.045391 
0.127505 
0.119911 
0.110117 
0.095132 
0.105486 
0.021332 
0.012995 
0.089825 
0.126941 
0.110285 
0.095132 
0.020680 
0.013965 
0.019799 
0.379925 
0.601774 
0.988544 
1.070312 
1.259608 
1.230008 
0.872656 
0.842949 
1.185747 
1.312325 
1.272836 
1.433210 
1.222456 
0.642686 
1.368679 
1.185747 
1.312325 
1.585476 
1.771369 
1.330075 
0.938526 
1.723113 
1.711941 
1.831814 
1.922970 
1.900914 
1.694564 
0.594811 
1.723113 
1.767821 
1.745295 
1.843272 
1.900914 
1.099933 
0.416660 
1.862893 
1.709655 
1.483966 
1.220390 
1.302513 
0.226793 
0.693336 
1.302725 
1.887679 
1.611736 
1.220390 
0.270311 
0.640874 
0.905117 
0.502403 
0.845340 
0.850759 
0.410615 
0.443832 
0.362102 
0.181725 
0.263317 
0.523314 
0.597059 
0.378575 
0.346325 
0.185816 
0.080558 
0.416038 
0.523314 
0.597059 
0.684289 
0.581710 
0.400851 
0.199754 
0.290298 
0.436306 
0.722117 
0.769159 
0.637591 
0.430559 
0.072846 
0.290298 
0.300125 
0.570607 
0.612581 
0.637591 
0.161981 
0.045860 
0.621068 
0.435549 
0.239062 
0.185407 
0.305850 
0.020799 
0.088907 
1.289542 
0.631828 
0.403411 
0.185407 
0.026130 
0.080263 
0.190560 
13.129421 
18.275709 
10.352993 
2.802385 
2.638532 
1.932381 
0.913910 
1.765589 
3.725652 
4.123495 
1.999687 
1.501162 
0.640171 
0.336523 
2.150316 
3.725652 
4.123495 
4.151810 
2.783335 
2.089645 
0.982907 
0.902489 
1.793267 
3.837834 
4.028956 
2.987034 
1.775054 
0.311452 
0.902489 
0.925919 
2.742341 
2.896393 
2.987034 
0.575992 
0.218166 
2.927245 
1.790871 
0.777173 
0.639089 
1.364218 
0.118749 
0.363046 
15.008842 
2.966221 
1.688245 
0.639089 
0.141535 
0.335573 
0.947911 
9600 
30400 
30400 
6400 
8000 
6400 
4800 
6400 
57600 
17600 
6400 
4800 
1600 
3200 
6400 
8000 
17600 
6400 
6400 
1600 
1600 
1600 
4800 
6400 
4800 
6400 
3200 
1600 
1600 
3200 
4800 
4800 
3200 
3200 
1600 
1600 
3200 
1600 
3200 
3200 
1600 
1600 
19200 
3200 
1600 
3200 
1600 
1600 
1600 
199.7 
215.1 
215.1 
230.7 
222.2 
240.4 
268.5 
252.2 
241.4 
245.3 
230.7 
240.1 
256.1 
263.8 
252.2 
267.9 
245.3 
259.8 
259.5 
256.1 
301.5 
246.8 
265.2 
275.8 
266.4 
259.5 
272.4 
278.3 
246.8 
266.2 
273.8 
273.8 
269.3 
272.4 
355.2 
240.6 
232.1 
258.5 
266.9 
269.3 
331.3 
61.4 
238.1 
232.1 
245.2 
266.9 
256.4 
73.3 
61.4 
14.082543 
14.665161 
14.665161 
12.681295 
12.901320 
12.857841 
13.177684 
12.915535 
15.336757 
13.721866 
12.681295 
12.258441 
11.155099 
12.265203 
12.915535 
12.813558 
13.721866 
12.355307 
12.288729 
11.155099 
12.121024 
11.002486 
12.133457 
12.268656 
11.884247 
12.288729 
11.938328 
11.644067 
11.002486 
11.576670 
11.912019 
11.912019 
11.765641 
11.938328 
12.346178 
10.859306 
11.575936 
10.949439 
11.794092 
11.765641 
12.490765 
11.787312 
13.788292 
11.575936 
11.138204 
11.794092 
12.290857 
11.884853 
11.787312 
-0.017765 
-0.040062 
-0.040062 
-0.021418 
-0.008339 
-0.000584 
-0.003536 
-0.029654 
-0.049122 
-0.032328 
-0.021418 
-0.023260 
0.024214 
0.030096 
-0.029654 
-0.042307 
-0.032328 
-0.055393 
-0.012131 
0.024214 
0.038017 
0.006664 
0.008438 
-0.055176 
-0.016378 
-0.012131 
0.045761 
0.029383 
0.006664 
0.055210 
0.003624 
0.003624 
0.049927 
0.045761 
0.037062 
0.027678 
0.028481 
0.073267 
0.034491 
0.049927 
0.066206 
0.021790 
-0.048216 
0.028481 
0.049065 
0.034491 
0.070238 
0.033926 
0.021790 
-0.006243 
-0.030493 
-0.030493 
-0.013901 
-0.010655 
-0.007641 
-0.010603 
0.000468 
-0.030934 
-0.021267 
-0.013901 
-0.015116 
0.000181 
0.012989 
0.000468 
-0.023858 
-0.021267 
-0.024568 
-0.015723 
0.000181 
0.029579 
0.021120 
0.026080 
-0.025840 
-0.014712 
-0.015723 
0.007713 
0.008954 
0.021120 
0.053252 
-0.010384 
-0.010384 
0.006480 
0.007713 
0.036746 
0.027631 
0.020242 
0.056708 
0.005721 
0.006480 
0.051979 
0.011552 
-0.019591 
0.020242 
0.037504 
0.005721 
0.013213 
0.009684 
0.011552 
0.011522 
0.009569 
0.009569 
0.007517 
-0.002316 
-0.007057 
-0.007067 
0.030122 
0.018188 
0.011060 
0.007517 
0.008144 
-0.024033 
-0.017107 
0.030122 
0.018449 
0.011060 
0.030825 
-0.003592 
-0.024033 
-0.008439 
0.014456 
0.017642 
0.029336 
0.001666 
-0.003592 
-0.038048 
-0.020429 
0.014456 
-0.001958 
-0.014008 
-0.014008 
-0.043447 
-0.038048 
-0.000316 
-0.000047 
-0.008238 
-0.016559 
-0.028770 
-0.043447 
-0.014227 
-0.010238 
0.028625 
-0.008238 
-0.011561 
-0.028770 
-0.057025 
-0.024242 
-0.010238 
0.025625 
0.048799 
0.048799 
0.080106 
0.077414 
0.069968 
0.042568 
0.069289 
0.053012 
0.082741 
0.080106 
0.095454 
0.102302 
0.069440 
0.069289 
0.101893 
0.082741 
0.124983 
0.133423 
0.102302 
0.045832 
0.114802 
0.119445 
0.144666 
0.153926 
0.133423 
0.099415 
0.068167 
0.114802 
0.139511 
0.153870 
0.153870 
0.116803 
0.099415 
0.043113 
0.129168 
0.121687 
0.126815 
0.112516 
0.116803 
0.034802 
0.013021 
0.081990 
0.121687 
0.099598 
0.112516 
0.032891 
0.014107 
0.013021 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
130 
slope-40 
0.421131 
0.744689 
0.744689 
1.139804 
1.143363 
0.955376 
0.520425 
0.901826 
0.720867 
1.107267 
1.139804 
1.304720 
1.310903 
0.864036 
0.901826 
1.248211 
1.107267 
1.578893 
1.687530 
1.310903 
0.499045 
1.526942 
1.478344 
1.721727 
1.896462 
1.687530 
1.198011 
0.804011 
1.526942 
1.719729 
1.844554 
1.844554 
1.423743 
1.198011 
0.398438 
1.761857 
1.720990 
1.610086 
1.383824 
1.423743 
0.344801 
0.696720 
1.130291 
1.720990 
1.333231 
1.383824 
0.421100 
0.631976 
0.696720 
sti-40 
0.161925 
0.678404 
0.678404 
0.463194 
0.531703 
0.368232 
0.140675 
0.341631 
0.954253 
0.818491 
0.463194 
0.464602 
0.241812 
0.213193 
0.341631 
0.595932 
0.818491 
0.707470 
0.771376 
0.241812 
0.068906 
0.294841 
0.546517 
0.791753 
0.755409 
0.771376 
0.326033 
0.128088 
0.294841 
0.521575 
0.728650 
0.728650 
0.408043 
0.326033 
0.051422 
0.355106 
0.522072 
0.315875 
0.393236 
0.408043 
0.042611 
0.106328 
0.885737 
0.522072 
0.247179 
0.393236 
0.055256 
0.093666 
0.106328 
spi-40 
1.764053 
9.878444 
9.878444 
3.183342 
3.991605 
2.668151 
1.090002 
2.518572 
18.118250 
8.504227 
3.183342 
2.733060 
0.915339 
1.206508 
2.518572 
4.357752 
8.504227 
4.410202 
4.713817 
0.915339 
0.348406 
1.066255 
3.096912 
4.809397 
3.973376 
4.713817 
1.672977 
0.561340 
1.066255 
2.401907 
3.864546 
3.864546 
1.988322 
1.672977 
0.278165 
1.230391 
2.403669 
1.124344 
1.932551 
1.988322 
0.240719 
0.486425 
9.470296 
2.403669 
0.930936 
1.932551 
0.293987 
0.441218 
0.486425 
